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Graphitization Symposium—I 


The Principles of Graphitization 


By H. A. Schwartz*, CLEVELAND, OHIO 


Abstract 


Graphitization of white iron from which malleable iron 
is made is not completely understood. While many factors 
have been carefully investigated, others have been but su- 
perficially studied. In this paper, the author outlines the 
various factors which must be taken into consideration 
in the graphitization of white iron to produce malleable 
iron as known today. For example, he discusses the 
effect of time, temperature and composition on the struc- 
ture produced during solidification of cast irons, the 
effect of temperature on the decomposition of iron car- 
bide, the effect of temperature on graphite precipita- 
tion, mechanism of the formation of various structures 
in malleable iron, and finally summarizes process steps. 
He then discusses the various factors influencing the 
number of nodules of temper carbon which may be pres- 
ent in malleable iron, cutlining the manner in which 
nodules are formed, as well as the effect of the number 
and type of nodules on the physical properties. This 
paper also deals ut considerable length with the diffi- 
culties encountered in a study of the graphitizing rate, 
pointing out the errors possible in chemical analysis, 
and expansion, electric resistance and metallographic 
methods, as well as those methods dependent on obser- 
vation of the first graphite. He also discusses causes 
for the variations in graphitizing rate and the effect of 
various alloying elements on that rate. He explains 
quite completely the film theory of retardation of 
graphitizution. The author next explains the effects of 
gases and of various atmospheres on graphitization and 

* Manager of Research, National Malleable and Steel Casting Co. 


Note: This paper was presented at a Malleable Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 21, 1942. 











THE PRINCIPLES OF GRAPHITIZATION 


also some effects of melting operations. He ends his 
paper with a discussion of other graphitizable materials, 
such as the graphitizable steels, which have brought 
forth several other factors heretofore not considered in a 
study of graphitization. 

A very complete bibliography is appended to the paper 
and the author suggests that those who are interested 
in more complete information of the subject than pre- 
sented in this paper, use the bibliography for further 
information. | 


1. The process of annealing hard iron to convert it into 
malleable cast iron represents the conversion of a compound of 
iron and earbon, called cementite, into free carbon (graphite) 
and iron. Accordingly, the chemical process which underlies 
the commercial operation is frequently referred to as graphitiza- 
tion. 

2. It falls to the present author’s lot in this symposium to dis- 
euss the principles of this process. In doing so we will avoid 
as far as possible any attempt at a strictly scientific treatment of 
the subject and confine ourselves to a general description. Those 
who may wish to study systematically what has been learned on 
the subject may read as much of the attached bibliography as 
they find desirable for their own purposes. Presumably every 
statement made in the body of this paper will find support or 
demonstration in some of these earlier publications. Individual 
references will be avoided in the interest of simplicity. 


Effect of Time, Temperature and Composition Solidification 
Structure 

3. Whatever may be the state of the carbon in liquid east 
iron, the product would always solidify and cool to a mixture of 
iron and graphite if the conditions were favorable. This proc- 
ess, however, requires time and very generally the cast irons 
freeze as mixtures of graphite, iron carbide and iron. If the con- 
ditions are made particularly favorable, by a suitable selection 
of chemical composition and cooling rate, then the metal solidi- 
fies and cools as a mixture of iron carbide and iron. The unan- 
nealed casting of the malleable industry is in this state. Its mi- 
crostructure is then that shown in Fig. 1. 


4. Liquid cast iron would always freeze with separation of 
graphite at a higher temperature, and hence, sooner than the sep- 
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Fic. 1—Wurre Cast Iron. ETCHED WITH NITAL, x100. 


aration of iron carbide. Since it takes time, however, for liquid 
metal to solidify, it may be that heat is taken away by the mold 
more rapidly than it can be liberated by the freezing of the metal 
and hence that the metal is ‘‘supercooled,’’ -i.e., it is made to 
freeze at temperatures below the normal freezing point. If this 
supercooling is sufficient, freezing may be entirely in the iron-iron 
carbide condition, which is desired by the malleable founder. 


Effect of Temperature on Iron Carbide Decomposition 

5. The iron earbide so produced then will appear to remain 
unaltered so long as the material is kept at room temperature, 
even through very great time intervals, running into centuries. 
The iron carbide, however, is still what the metallurgist calls ‘‘me- 
tastable.’’ It wishes to transform itself into iron and carbon, even 
though it finds it is unable to do so under the existing circum- 
stances. The principal retarding influence to its decomposition 
is the relative immobility of iron and carbon atoms at room tem- 
perature. If we raise the temperature, the opportunity for chem- 
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ical reaction is much increased and the iron carbide proceeds to 
decompose. 

6. It was known even to the father of the industry, Seth Boy- 
den, that this process went on most effectively at rather high 
temperature, which he compared to the melting points of copper 
and silver. Speaking in terms of present day pyrometer scales, 
it is found expedient to begin this process at somewhere between 
1650° and 1800°F. At this temperature, the iron has dissolved 
the more finely divided part of the combined carbon or carbide 
and the matrix has become saturated with carbon. Particles of 
carbon separate on the boundaries between iron carbide and this 
solution, as shown in Fig. 2. As time goes on, these particles 
grow at the expense of the adjacent carbide as shown in Fig 3. 


Effect of Temperature on Graphite Precipitation 
7. The rate at which graphite precipitates increases with 
temperature, but the completeness of the process decreases. It 


Fic. 2—Ear_y STaces oF GRAPHITIZATION OF WuHiTe Cast InonN. ETCHED WITH PICRAL, 
x100. 
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Fic. 3—NoDULES OF TEMPER CARBON SURROUNDED BY SPHEROID OF CEMENTITE-FPREE AUS- 
TENITE. ETCHED WITH PICRAL, x300. 


is therefore necessary at the end of the process to drop the tem- 
perature below the so-called A, point, which may be found some- 
what below 1400°F. in metal such as is encountered in the malle- 
able industry. Below this temperature, carbon is not soluble in 
iron appreciably and the process can be entirely completed. 

8. This completion may take place in two distinetly different 
ways, depending on how fast the temperature is lowered. If the 
temperature is lowered rather rapidly, the carbon comes out of 
solution as iron carbide which deposits itself in lamina or flakes 
interspersed with similar lamina of iron somewhat like the leaves 
of a book or the cards of a deck. Note here again an analogy 
with the freezing conditions. If we freeze rapidly, we get iron 
earbide as distinguished from graphite and the same thing hap- 
pens if insolubility in the solid state is involved. 


Formation of ‘‘ Bull’s-eye’’ Structure 
9. If now we hold such a supercooled metal some time below 
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the critical point, the carbide, in its desire to break up, will do 
so, depositing its carbon on the original graphite nodule; the re- 
sulting structure is shown in Fig. 4. If we cool somewhat more 
slowly, then there is opportunity for the carbon, which is dis- 
solved in iron to make a solid solution, to be precipitated by the 
decomposition of this solution into iron and graphite. The graph- 
ite again deposits on the original nodule which then becomes 


surrounded by a ring of iron known in the trade as a ‘‘bull’s- 
eye’’ and is shown in Fig. 5. The process can either be conducted 
slowly enough so that the bull’s-eyes formed are so large as to com- 
plete graphitization and avoid the formation of the lamellar ‘‘ pear]- 
ite’’ constituent, or the metal may be held a further time to com- 
plete the process by the mechanism illustrated in Fig. 4. The final 


result is shown in Fig. 6. 
10. From what has just been said, it is plain that the graphi- 
(iron ear- 


tizing process involves the solution of ‘‘cementite’’ 


bide), its decomposition into its constituent elements, the mi- 


Propuct oF GRAPHITIZATION OF THE CARBON-PRARLITE SYSTEM. ETCHED WITH 
NITAL, x500. 
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Fic. 5—FErrRITE DePposITeD WITHOUT PASSING THROUGH THE PEARLITE STAGE. ETCHED 


WITH NITAL, x100. 


gration of the carbon to points where it can readily erystallize 
out and the growth of graphite crystals. We have not touched 
upon the formation of centers of crystallization beyond point- 
ing to the fact that the nodules always form at the boundary be- 
tween cementite and solid solution. The number of these centers 
of erystallization is of great importance, for it is reasonable to 
expect that more carbon will come out on many centers of crys- 
tallization than on but few. It has been found that the number 
of carbon nodules does not change materially during the graph- 
itizing process. This is rather surprising, but fortunate, because 
we do not have to reckon with changes in nodule number while 


the process is going on 


Factors Influencing Number of Nodules 
11. The number of nodules which form in a unit of volume 
in any given iron is quite a complex matter and is not yet well 


understood. In the first place, since the nodules always form 


at the surface of iron carbide, the opportunity of getting a great 
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number increases when the iron carbide in the original hard iron 
is finely subdivided. It is very well known that if white iron 
is heated to 1700° or 1800°F. and rapidly cooled, cementite dis- 
tribution does not appear to be changed, but the number of nod- 
ules formed in annealing may be multiplied several thousand 


times. No perfectly demonstrable explanation for this phenom- 


enon exists, but very possibly it is associated with the forma- 
tion of a very finely spheroidized cementite distribution formed 
when the supercooled white iron is again heated. An increase 
in nodule number has also been observed when the oxygen con- 
tent of iron was increased. There is some possibility that the 
graphite nodule actually grows around an oxide or sulfide par- 
ticle which has been rejected to the surface of a cementite grain. 


The Nucleus Formation Problem 

12. The problem of what constitutes a nucleus or center of 
erystallization is always complex and in connection with graphitiza- 
tion is but very superficially understood. The nodule number also 
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inereases with the temperature at which the nucleization begins. 

13. Returning now to the thought that graphitization consists of 
the solution of cementite, its dissociation, the migration of car- 
bon and its deposition, the thought immediately suggests itself that 
these several processes may not be similarly affected by changes 
of temperature or changes of composition. It is quite obvious that 
the process as a whole will go on at the rate set for it by that at 
which the slowest of the four enumerated processes goes on under 
the existing circumstances. There is no experimental evidence as 
vet that the solution of cementite is ever the slowest of the four. 
There is quite good evidence that the graphitizing process always 
begins at a rate determined by the crystallization velocity of 
graphite. It continues to be governed by this consideration usually 
for an extremely short time and never for a very long one. Next, 
and often for most of the deposition of graphite, it is governed by 
the rate of migration of carbon, but always concludes with a longer 
or shorter interval in which dissociation rate is the controlling 
factor. 

14. The rate of formation of graphite at a given temperature 
as time goes on under the conditions which have been described 
is capable of mathematical analysis. The treatment is by no means 
abstruse but quite tedious and unavoidably results in complex 
algebraic equations. In terms of such equations the relation of 
the amount of graphite formed to time can be quite completely 
described. 


Additional Constants Influencing Graphitization 

15. <Aside from the nodule number and the carbon content. 
there sre involved four important constants. The linear rate of 
crystallization of graphite, the dissociation rate of cementite, the 
migratory rate of carbon in solution in iron and the rate of solu- 
tion of cementite. Any complete understanding of how chemical 
composition and temperature affect graphitizing rate will be possi- 
ble only when the effect of these variables on each of the four con- 
stants enumerated has been zompletely worked out. Since the 
mathematical treatment underlying this view was published only 
last October, it is not surprising that much remains to be done in 
this direction before we can completely plan what to expect during 
graphitization under a particular set of circumstances. 


16. The only information now available as to the effect of va- 
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rious things on annealing time is found in investigations which 
view the process as a whole. It is not especially surprising, there- 
fore, that there should be uncertainties and contradictions, some 
of which would be accounted for if we pay careful attention to 
the tests by which individual investigators judge the changes in 
graphitizing rate. No one has done this with any great degree of 
completion. It is necessary to consider the effect upon the rate 
at various stages of completion and at various temperatures. No 
simpler investigation suffices to tell a complete story. 


DIFFICULTIES OF GRAPHITIZING RaTtTE INVESTIGATIONS 


Chemical Analysis Difficulties 

17. The investigation of graphitizing rates is beset with a num- 
ber of annoying difficulties. It is impossible to sample a material 
containing graphite and reduce it to chips without losing very 
considerable amounts of the graphite (sometimes as much as one- 
third). This does not interfere with the accurate determination of 
combined carbon by taking the difference between the total carbon 
and graphite of a properly mixed sample, but the graphite con- 
tent directly determined will be grossly in error. It might be 
corrected by taking the difference between the calculated combined 
earbon and the original total carbon. It is much better to work 
with samples in the form of solid pieces. With modern combustion 
furnaces, these can be readily burned and their solution for the 
graphite determination need not be too time-consuming. 


18. Frequently graphitization does net occur with such uni- 
formity that a sample, weighing say one gram, can be considered 
as representing what has gone on as the average of a larger piece. 
The analytical procedure possibly sets a limit as to how far the 
size of sample can be increased; therefore it is frequently neces- 
sary to analyze many samples in order to obtain a usable average. 


Disadvantages of Expansion Method 


19. Some have measured the process of graphitization by 
measuring the expansion of the iron due to the liberation of carbon ; 
this has many advantages, chief of which is that information is 
obtained concerning a rather large volume of metal. Unfortunate- 
lv, it is somewhat doubtful whether the expansion of an iron is 
directly proportional to the per cent of graphite formed. 
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Klectric Resistance Method Presents Difficulties 

20. Measurements of electric resistance could be used similarly 
but are still more doubtful in interpretation. There are also very 
creat difficulties in preventing the specimen from losing carbon 
vhile it is graphitizing with an accompanying error for which we 
an hardly compensate since we do not know whether the carbon 
was lost before or after graphitization. To get any kind of results 
at all, the original hard iron samples must be very carefully pre 
pared as to uniformity of composition and cooling rate. 

21. Let the reader be warned that any experimentation with 
eraphitizing rates in which these precautions are ignored will 
not lead to any result worthy of great confidence. The field is not 
one for an investigator who has not good facilities at his disposal 
nor is it one in which the analytical work can be entrusted to the 


type of man found in the usual control laboratory. 


Comments on Metallographic Methods 

22. Several observers have depended upon metallographic evi- 
dence for the recognition of the beginning or the end of the 
graphitizing process. It is perfectly true that the microscope will see 
particles of graphite or cementite too small to be detected by the 
chemist. However, when very few such particles exist, the likeli- 
hood that any of these few will appear in the polished surface be- 
comes very small, so that the precision of the microscopic technique 
is thereby much reduced. Indeed the recognition of the time for 
completion of graphitization is practically difficult and theoretically 
impossible. The reaction always proceeds extremely slowly near 
the end so that great errors in time correspond to very small errors 
in graphite content. Theoretically, an infinite time is required 
under any circumstances for the complete attainment of the 
equilibrium in the process. It is rather unusual either in practice 
or in the laboratory to carry the graphitization much further than 
a combined carbon content of 0.03 to 0.05 per cent. 


Comments on Methods Dependent on Observation of First Graphite 

23. A few observers have heated white iron at a predetermined 
rate, usually a rather slow one, and attempted to use the tempera- 
ture at which graphite was first recognized as a criterion of anneali- 
bility. This approach to the subject is entirely indefensible. There 
is no temperature analogous to the critical temperatures of the iron- 
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carbon diagram at which graphitization begins. The temperature 
recorded by such experimenters is that at which the amount of 
graphite just recognizable by their particular procedures is that 
formed during the total time from the beginning of heating to 
the time when the recorded temperature is reached. If the heating 
rate be reduced the temperature will come out lower and does not 
approach any particular limit in value. 


CAUSES FOR VARIATIONS IN GRAPHITIZING RATE 


24. With this cursory and superficial outline of the pitfalls be- 
setting the student of graphitization to guide him in his interpreta- 
tion of the conclusions of various investigators, the reader will no 
doubt desire some discussion as to the causes for variations in 
graphitizing rate. With the suggestion that those who really desire 
detailed knowledge of the subject should read the original source 
material in the light of the preceding discussion of investigational 
methods, one may sum up with reasonable satisfaction what has 
been learned on the subject. It must at all times be remembered 
that the investigators who have so far published their results have 
made no distinction between the various mechanisms which govern 


graphitization at different stages of the process. 


Nodule Number 

25. The first variable is the nodule number. This has already 
been discussed at an earlier stage of the present paper. It is a 
characteristic both of the metal and of the temperature at which 
graphite formation begins. The carbon content is of relatively 
little consequence in the first stage of graphitization so far as the 
time for the completion of graphitization is concerned. The rela- 
tion of graphitizing rate to carbon content is such that the rate in- 
ereases when the carbon content increases. There is exact propor- 
tionality only for the dissociation control stage of the process but 
there is some compensation in the migratory rate stage. The 
presence of the large surface of graphite nodules corresponding 
to much graphite is of benefit in promoting the speed of the graphi- 
tizing process when the temperature falls below A,, the critical 
point. It is thus generally an approximation, usually believed, 
that the second stage of annealing is faster the higher the total 
carbon. 
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Effect of Alloying Elements 

26. A great number of alloying elements affect graphitizing 
rate favorably or unfavorably. The elements silicon, aluminum, 
titanium, zirconium, nickel, copper and uranium are all very defi- 
nitely known to accelerate the graphitizing rate when present in 
not too great a quantity. Some of these, aluminum, titanium and 
zirconium in particular, are effective accelerators even when 
present in amounts of only some hundredths of a per cent. The 
fact that our knowledge of the effect of oxygen on graphitizing 
rate is as yet but cloudy and that many of the elements referred 
to above are strong deoxidizers, has led to considerable speculation 
as to whether the effect of these elements is due to their presence 
or to the fact that they have removed oxygen. There is here room 
for much painstaking work before a real conclusion can be reached. 
There is, of course, no reason to believe that nickel or copper could 
act in this way and gold, which is known to be a mild accelerator, 
would also certainly not be a deoxidizer. 

27. On the other hand, manganese, which is a rather powerful 
deoxidizer, is a retarder of graphitization along with chromium, 
molybdenum, vanadium, and in a mild degree, tungsten. Many 
observers have begged the question and said that these elements 
were retarders because they form stable carbides. This is merely 
saying that they are retarders because they prevent graphitization, 
which adds nothing to the original statement. 

28. It is to be borne in mind that titanium carbide is a very 
stable compound and silicon carbide is stable enough to exist, so 
that the problem can not be dismissed nearly as simply as the 
eoiners of the stable carbide phrase expect. Certainly in the case 
of manganese and chromium, and possibly in the ease of 
molybdenum, the retarding effect is relatively much less at high 
temperatures than at low temperatures. An increment of one- 
half or three-quarters per cent of manganese above the orthodox 
value retards the first stage of annealing but little, but slows up 
graphitization in the second stage quite markedly. Use is made 
of this well-known fact in the production of the arrested anneal 
malleables. 


The Film Theory of Graphitizing Retardation 

29. The elements boron, sulphur, selenium, and tellurium when. 
present in considerable quantity are all retarders of graphitization 
apparently because their compounds with iron form films surround- 
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ing the carbide particles. While there is little convincing visual 
evidence of the existence of these films, there is much indirect 
knowledge making this hypothesis plausible. It is very possible 
that only when these films do exist does the solution rate of 
cementite become effective in controlling annealing rate. Some 
time-graphite curves for high sulphur iron have been published 
which would be explicable on this basis. In the presence of suf- 
ficient manganese, the sulfide, selenide and telluride of iron are 
unstable, exchanging their iron for manganese. The resulting man- 
ganese compounds have solubility and fusibility characteristics 
which prevent their separation on the cementite surfaces but cause 
them to form separate ‘‘blobby’’ inclusions which do not materially 
affect graphitizing rate. Hence the need for a proper balance of 
manganese and sulphur or of manganese and selenium and telluri- 
um in the unusual case when these are present. Strangely enough 
boron, selenium and tellurium have all been alleged to favor graph- 
itization when present in traces. 

30. Cerium, and no doubt the other rare earths, act similarly 
to manganese in forming innocuous compounds with sulphur and 
similar elements. It will remove these elements even from their 
compounds with manganese, liberating an equivalent amount of 
manganese which can act as a retarder. Tin will remove sulphur 
from its compounds with iron or manganese so that, when present 
in iron, it will form films of a tin-sulphur compound on carbides 
even though enough manganese to balance the sulphur is present. 
In so doing, it also, of course, liberates manganese and we may 
get the combined retarding effect of a sulfide film and a manganese 
excess. Cerium sulfide, however, is more stable than tin sulfide, 
so that tin cannot form sulfide films in the presence of cerium. 
The fact that graphitization can be effected by the joint presence 
of sulphur, manganese, tin and cerium (one or more) in iron just 
as can be predicted from their chemical equivalents in combining, 
is one of the strong arguments in favor of the film theory. These 
alternate retardations and accelerations of anneal as one metal and 
then another is added have actually been followed completely in 
the laboratory. 


EFFECTS OF GASES ON GRAPHITIZATION 


31. Hydrogen originating with moisture in the blast, hydrogen 
in the fuel, or rust in the charge, is of great and peculiar effect in 
annealing. It is rather well known that it interferes with the 
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migratory rate of carbon in iron. It will eseape from white iron 
in the annealing process almost completely and probably very 
early, unless there be hydrogen in the annealing furnace atmos- 
phere. It is present in hard iron in amounts rarely as great as one- 
one-thousandth of a per cent, but if this per cent is not reduced, 
annealing is much retarded. 

32. Oxygen in the iron, originating either in the melt or from 
the annealing atmosphere, may affect graphitizing rate, although 
no one knows much about it. There is certainly evidence that it 
may accelerate graphitization, when coming from the melt, by in- 
creasing nodule number. There is both practical experience and 
research knowledge that cementite contaminated with oxygen is 
actually stable and not metastable, 7.e., it will not dissociate into 
iron and carbon. Particles of such stabilized ‘‘oxy-cementite’’ 
are frequently seen near shrinkage voids or in oxidized surfaces 


in malleable castings. 


EFFECTs oF VARIOUS ATMOSPHERES ON GRAPHITIZATION 


33. This brings us naturally to the question of environment 
in annealing. It appears well established that annealing rate 
varies with the gas by which the metal is surrounded while being 
heat treated. Presumably one should use as the standard of refer- 
ence, graphitizing rate in vacuum. It is well established experi- 
mentally that if the surrounding atmosphere contains oxygen 
or has access to oxygen in the form of solid packing, the gas will 
promptly take a composition determined by the temperature. Neg- 
lecting the inert nitrogen of the air, the gas will contain carbon 
dioxide and carbon monoxide in a definite and predictable propor- 
tion determined by its having saturated itself with carbon from 
the iron. The actual ratio depends upon temperature and pres- 
sure. So long as the temperature is above about 1490°F., the 
gas composition will be such that the sealing of iron is impossible. 
When the temperature falls below a particular point in that 
region, scaling is inevitable, assuming the presence of any oxygen 
even though combined with carbon. 

34. We have already alluded to the fact that annealing in 
hydrogen is slow and the same can be said of annealing in gases 
such as anhydrous ammonia or acetylene, which decompose into 
their elements at annealing temperatures. It is quite certain that 
the presence of mixtures of CO, and CO accelerate annealing and 











16 THE PRINCIPLES OF GRAPHITIZATION 


it is reasonably certain that under high pressures this is not true 
below the critical point. One may speculate as to the role played 
in this latter phenomenon by the formation of oxy-cementite in 
pearlite. 


Errect oF OxYGEN IN ANNEALING Pots 


35. In view of the fact that the oxygen in an annealing pot 
takes carbon from the metal, the effect upon the casting is worth 
at least passing notice. The carbon, of course, comes from the 
surface of the casting and is replenished from within but not near- 
ly at the rate at which it is removed. Castings annealed in an at- 
mosphere in which the ratio of the weight of oxygen with which 
the casting comes in contact during the annealing process to the 
weight of casting is anything but insignificant, are therefore com- 
monly possessed of a decarburized surface. This carbon was re- 
moved as cementite and thus minimized the opportunity for the 
formation of nodules of graphite near the surface. The result 
therefore is slower graphitizing rate of the surface metal than of 
the interior metal, which may have been further affected by the 
absorption of some oxygen. 


36. The rims at the end of the first stage of annealing may 
have consisted almost completely of solid solution. When the tem- 
perature is dropped for the second stage of annealing, the carbon 
in this solid solution finds no nodules upon which to crystallize 
and so comes out as pearlite, which can be but slowly graphitized 
thereafter because of the long migratory path the carbon must take 
to get to existing nodules or the poor opportunity for the creation 
of new nodules in the decarburized rim. If decarburization and 
graphitization are not too badly out of balance, the rim consists 
merely of a narrow band of iron which is slightly objectionable 
from the machining point of view and slightly favorable to a good 
ductility. 


Errect or NUMBER OF NODULES ON PHYSICAL PROPERTIES 


37. The number and form of nodules is also of some significance 
with regard to the physical properties of the resulting product. 
Nodules growing at high temperature are not very compact, but 
’’ The iron between the 


incline to be sprawly and ‘‘crab-like. 
branches of such nodules adds nothing to the strength of the ma- 
terial and these nodules are, in their effect on the mechanical prop- 
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erties, approximately equivalent to a much greater amount of 
earbon such that it would fill the space occupied by the existing 
graphite and the iron which that encloses. 


Effect of Number of Nodules on Tensile Strength 

38. Nodules which grow at low temperature, and particularly 
below the critical point, on the other hand, are very dense and 
solid. It is quite possible by careful though tedious microscopic 
methods to get at least qualitative evidence of the relation between 
‘‘density of packing’’ of graphite in a nodule, which is a measure 
of its sprawliness, and the physical properties. It is generally sup- 
posed that small temper carbon nodules should make a better prod- 
uct. The problem has been investigated and no marked relation 
between number of nodules and tensile strength has been detected. 
It may be that this is true because, except in special cases, the 
smaller nodules are also the sprawlier. The exception is metal 
which has been prequenched before annealing in which the nodules 
are small and dense and the metal is rather strong. 


Effect of Number of Nodules on Ductility 

39. The ductility of malleable iron increases as the size of the 
particle increases. Whether this is directly cause and effect or 
due to the fact that very large nodules are grown only when an- 
nealing at very low temperature, is not certain. There is evidence 
in favor of the view that the properties of malleable iron are im- 
proved if it be held for some time below the critical point after 
graphitization is complete. The two phenomena may have some 
relation. 


Some Errects or MELTING OPERATIONS 


40. The present program, at least by implication, is limited 
in scope to malleable iron properly so called and to the anneal- 
ing process. There remain, however, certain closely related sub- 
jects not falling strictly within the Symposium’s field which should 
properly be considered in the same connection. 

41. The first of these concerns the melting operation. Without 
going into any detailed discussion of this subject, one may point 
out that since the melting operation may, in part, determine the 
oxygen and hydrogen contents of the resulting product, a study 
of the effects of gases on graphitization may lead one back to a 
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relation of graphitizing rate to the chemistry of the melting process. 
We have already spoken of the fact that graphite requires a 
nucleus upon which to grow; this nucleus can be an oxide, and if 
it is, the amount and distribution of nuclei can be related to the 
melting process. 

42. Furthermore, it is quite well known that graphitizing 
rate may depend upon the amount of graphite in the melting 
furnace charge. It may even depend on when that graphite was 
introduced. An explanation based upon the persistence of very 
small fragments of graphite for some time in a liquid melt is very 
attractive, although there has been a considerable amount of argu- 
ment as to its validity. In any event, there is much evidence that 
if graphite-bearing materials are added to liquid iron shortly be- 
fore pouring, annealing is facilitated and even primary graphitiza- 
tion may be initiated. 

43. The effect of melting temperature upon the destruction of 
nuclei, whether of graphite or of other sorts, has been studied and 
could be introduced perhaps as at least indirectly affecting the 
annealing process. 

44. Even the refractory upon which the iron is melted enters 
into a consideration of the graphitizing reaction, since it is well 
known that, other things being equal, graphitization is easier the 
more acid the furnace lining. 


COMMENTS ON OTHER GRAPHITIZABLE MATERIALS 


45. There are also materials which are not cast irons but steels, 
which are willfully subjected to partial or complete graphitizing by 
annealing. The most satisfactory definition of a steel, so far as 
this writer is concerned, is that a steel is an alloy of iron and 
earbon, possibly including other elements also, which is homo- 
geneous at at least some one temperature below the melting point. 
Neglecting the effect of alloying elements, this means that iron- 
earbon alloys containing less than 1.76 per cent carbon are steels, 
for on being heated to a particular temperature (the eutectic melt- 
ing point) any graphite or cementite which they contain goes 
completely into solid solution, but melting does not occur. 


Graphitizable Steels 
46. The commercial graphitizable steels contain from something 
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under 1 per cent of carbon up to perhaps something less than 1.5 
per cent carbon. Their silicon content may be from nearly 1 per 
cent to perhaps something over 1.5 per cent. They are non-eutectif- 
erous, that is to say they develop no massive (eutectic) cementite 
on freezing. When they are heated for the purpose of annealing 
to a temperature falling into the same range as the temperature 
of the first stage of malleable annealing, they contain no excess 
of cementite. Graphitization can, therefore, not begin by the de- 
posit of graphite at the junction of cementite and solid solution. 

47. Apparently in such material, nuclei form around oxides or 
sulfides. The nuclei may not form at all at the upper tempera- 
ture if the solid solution is not supersaturated toward graphite. 
If they do not form at this higher temperature, they will do so 
while cooling to the A, point, for all the steels commercially made 
for the purpose we are now discussing, contain more than the 
eutectoid ratio of carbon. Below the critical point, the graphitizing 
phenomenon runs parallel to that in the annealing of white cast 
iron. The steels may be completely graphitized or, more commonly, 
combined carbon is purposely retained somewhat as in the pearlitic 
malleables. 

48. In the latter case, the heat treatment in the second stage of 
annealing must be so controlled as to give the desired metal- 
lography to the metallic matrix of the resulting product. It may 
be that lamina are desired or spheroids. Since very generally a 
particular concentration of combined carbon is also needed, it is 
necessary to so control the chemical compositions that the heat 
treatment which produces the proper structure in the matrix also 
produces that degree of graphitization which will leave the req- 
uisite amount of combined carbon. Gross segregations of ferrite, 
as in the bull’s-eye type of pearlitic malleable, are usually avoided. 


OTHER Factors INFLUENCING GRAPHITIZING RATE 


49. Experiments in connection with graphitization in material 
having the carbon concentration of these graphitizable steels have 
laid emphasis upon two other factors determining graphitizing 
rate which have not received a great deal of attention in connec- 
tion with white cast iron. One of these is the grain size of the 
dispersed cementite phase and the other is the effect of internal 
stress on graphitizing rate. 

50. Evidently, if during freezing, a solid shell is set up around 
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a casting whose temperature is of necessity lower than that of the 
interior, then if the interior be also solid, tensile stresses in three 
dimensions will later be set up inside the casting tending to ex- 
pand the solid material of the interror and increase its volume. 
The outer layers meanwhile may very possibly be under consider- 
able compression. Since the formation of graphite from cementite 
is accompanied by an increase of volume, it would be facilitated 
by such three dimensional tension stresses. Qualitatively, at least, 
a relation has been observed between conditions which should pro- 
duce stresses in the metal and graphitizing rate. In the early 
stages, while the center is under compression, graphitization there 
and then would be temporarily retarded. 
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The Suppression of Graphitization by Supercooling 


By C. H. Junae*, CLEVELAND, OHIO 
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Abstract 
The author first reviews the sequence of events in the 


freezing of a liquid, using a pure metal as the example, 
covering crystallization, known as undercooling, super- 
cooling or surfusion, and nuclei formation. He states that 
it is impossible to suppress the freezing of a metal indefi- 
nitely because forces promoting solidification are so 
powerful at certain temperatures that crystallization 
cannot be prevented. The author then describes what hap- 
pens during the freezing of a liquid iron containing silicon 
and carbon. He explains the phenomenon of white and 
gray iron by discussing the supercooling effects in the 
iron-carbon system and stresses the importance of under- 
cooling in the suppression of graphite formation. Tables 
are given showing summary of temperature data and the 
influence of temperature of solidification on the graphite 
pattern in a gray iron. Conclusions reached by the author 
are listed. 


1. Before discussing the influence of undercooling in suppress- 
ing graphitization during the freezing of a cast iron, it may be well 
to review the general sequence of events in the freezing of a liquid. 
In the interest of simplicity, a pure metal will be chosen as the 
example. 


FREEZING OF PuRE METAL 


2. In such a pure liquid at a temperature well above the freez- 
ing point, the atoms are in a constant state of rapid motion. Al- 
though they make frequent contact with one another, there is no 
tendency for them to combine, for the forces of repulsion exceed 
the forces of attraction. However, as the temperature is lowered 
and approaches the freezing point, the velocity of motion of the 
atoms decreases and the attractive forces begin to increase. 

3. Occasionally now at particularly favorable locations, atoms 
begin to combine to form extremely minute fragments of crystals. 
At first these crystal fragments have oniy temporary existence, 
~ © National Malleable and Steel Castings Co. 
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but as the temperature is lowered further, the attractive forces 
increase further, and many more of them will be formed. When 
a point is reached where these crystal fragments, or nuclei, as they 
are sometimes called, become stable enough to attract other atoms to 
them, then crystallization proper has started. Since the small 
fragments are less stable than the larger fragments formed later, 
a lower temperature is required to initiate crystallization than to 
continue it once it has begun. The phenomenon is called under- 
cooling, supercooling, or surfusion. 

4. When a nucleus begins to freeze more solid material around 
it, heat is liberated in the immediate vicinity and the temperature 
rises locally, making it unfavorable for new nuciei to form nearby, 
so that in general, additional nuclei will be formed at cooler loca- 
tions remote from already existing nuclei. 

5. If the abstraction of heat from the liquid is done slowly, the 
heat liberated by the freezing out of solid matter will be sufficient 
to raise the liquid from the temperature to which it has supercooled, 
back to the true freezing temperature, which is the highest tempera- 
ture at which freezing can proceed. If heat is removed faster than 
it can be liberated by the freezing process, the liquid necessarily 
will fall in temperature until a point is reached where the heat 
liberated by the freezing out of solid matter is just equal to the heat 
removed from the metal by the surroundings. Actually this balance 
between heat liberated and heat lost is continually taking place 
during the entire course of freezing. 

6. Since erystallization rate and rate of nuclei formation both 
tend to increase with increasing amounts of supercooling, it is im- 
possible to suppress the freezing of a metal indefinitely. When a 
certain temperature is attained, the forces promoting solidifica- 
tion are so powerful that crystallization cannot be prevented in 
metals as it can in the case of some substances, such as glass, which 
is a true supercooled liquid. 

7. In general, slow cooling of a liquid gives rise to a few crystals 
large in size, since few nuclei accompany a small amount of under- 
cooling. Rapid cooling produces a great number of small crystals 
because many nuclei accompany large degrees of undercooling. 


FREEZING OF Liguip Cast [Ron 


8. We are now in a position to see what happens during the 
freezing of a liquid cast iron, which is a solution of liquid iron con- 
tainjag silicon and carbon. The atoms in this liquid are in a state 
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of violent agitation. When this alloy begins to freeze, it desires 
to become solid iron (in which some carbon is dissolved) and 
graphite which it can accomplish by a sorting-out process on an 
atomic scale analogous to separating a shuffled deck of cards into 
two piles, one of red cards and one of black. Obviously this process 
requires a certain amount of time. In general, the higher the tem- 
perature, the faster the speed of sorting. If the alloy, by faster 
cooling, is not allowed sufficient time at a high enough tempera- 
ture for the carbon and iron atoms to be sorted out, no solid mate- 
rial will form, and the temperature of the liquid will decrease with 
an attendant decrease in atomic mobility. 

9. Finally, a temperature will be reached where the desire to 
become solid will prevail, and even though the inherent desire of 
the alloy is to become solid iron and graphite, it will find it easier 
to become solid iron and cementite. A carbon atom, surrounded 
by many iron atoms, finds it easier to join up with them to form 
iron carbide than to seek more atoms of its own kind to form 
graphite. Thus the urge to solidify has been satisfied, and while 
the desire to form graphite from the cementite remains even at 
room temperature, it cannot become operative unless the alloy is 
heated to a temperature high enough to increase the ability of the 
atoms to rearrange themselves, as in malleable iron annealing. 

10. G. B. Upton' has suggested that supercooling effects in the 
iron-carbon system can explain the phenomenon of white and gray 
iron in the following manner. He states that the freezing point 
with varying rates of cooling in the metastable iron-iron carbide 
system is practically unaffected by the silicon content of the alloy. 
He further assumes that for low silicon alloys, the solidification 
temperature in the iron-graphite system drops below that for the 
iron-iron carbide system with very moderate rates of cooling. For 
intermediate silicon alloys, it falls below only at high rates of cool- 
ing, while with high silicon alloys, it becomes impossible to obtain 
the metastable system even at extremely high rates of cooling, for 
the two temperature lines never intersect. While the iron-carbon 
system does apparently behave as though Upton’s hypothesis is 
correct, there seems little hope of verifying it directly because of 
experimental difficulties. 


IMPORTANCE OF UNDERCOOLING 


11. Some experiments which do confirm the importance of 
underecooling in the suppression of graphite formation during 
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freezing were conducted by Schneidewind and D’Amico’®. They 

studied the relation of cooling rate, the attending solidification 
temperature, and the microstructure of a low carbon-low silicon 
| vray iron poured into a wedge shaped mold of green sand. A num- 





ber of thermocouples were placed along the center line of the 
wedge from the thick 244-in. base to the sharp edge. A series of 
time-temperature observations were made simultaneously at these 
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several thermocouple stations located in sections of various thick- 
hess. 

12. In Table 1, page 835 of their paper, reproduced as Table 
1 of this paper, the authors have recorded the data derived from 
their time-temperature curves. It is seen that as the cooling rate 
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of the iron increases, 7.e., as one progresses from the thick to the 
thin edge of the wedge, the solidification temperature continually 
decreases, until at the faster rates the microstructure becomes first 
mottled, and then completely white for some 200°F. of supercool- 


ing. 


Table 1 


SUMMARY OF TEMPERATURE DATA OBTAINED FROM WEDGE CASTING 


Solidifi- Austenite 
Thickness of cation Transformation 
Station No. Wedge, in. Temp., °F. Temp., °F. Nature of the Iron 
1 0.19 1800 1050 White iron no graphite 
2 0.50 1975 1075 Mottled iron — eutectiform 
graphite 
3 0.875 1990 1300 Gray iron — eutectiform 
graphite in dendritic 
distribution 
4 1.31 1300 About same as (3) 
5 1.75 1290 Gray iron — normal flake 
graphite 
6 2.31 2030 1286 Gray iron — normal flake 
graphite 


13. In other experiments conducted by the same workers, small 
amounts of molten iron of the same composition as that of the 
wedge casting were poured into a small cavity 5/16-in. in diameter 
and one-in. deep in the center of a massive split mold of steel which 
was preheated to various temperatures near and below the eutectic 
temperature. Because of the large mass and high thermal conduc- 
tivity of the mold, and the relatively small mass of the molten 
metal used, (10 to 15 gr.) it was thought that the liquid iron was 
cooled nearly instantaneously to the temperature of the steel mold, 
after which it proceeded to solidify at this same temperature. Here 
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it was found again that gray iron of the composition used could be 
made to solidify completely white if the temperature of solidifica- 
tion was about 200°F. below the eutectic temperature. Table 3, 
page 847 of the reference, reproduced here as Table 2, shows the 
complete data for this second series of tests. 


Table 2 


INFLUENCE OF TEMPERATURE OF SOLIDIFICATION UPON THE 
GRAPHITE PATTERN IN A GRAY IRON 
Heat No. Mold Temp., °F. Type of Graphite 
10A 2070 Mottled iron. Carbides plus nests of eutectiform 
graphite. 
12A 2060 Gray iron. Normal flake graphite. 
9A 2040 Gray iron. Normal flake graphite. 
TA 1992 Gray iron. Some short flake graphite. Some eu- 
tectiform graphite in dendritic dispersion. 
8A 1970 Gray iron. Eutectiform graphite in very dendritic 
dispersion. 
1955 Mottled iron. Carbides plus eutectiform graphite. 
1818 White iron. Traces of graphite and some temper 
carbon formed during cooling. 


14. John Bolton® has published a series of observations on 
round cast iron bars of different diameters 6-in. long, cast in baked 
sand molds. Time-temperature curves of these bars show that a 
difference of 200°F. in the freezing temperature of a 1-in. 
diameter bar and a 2-in. or 3-in. diameter bar can exist, a differen- 
tial similar in magnitude to that found by Schneidewind and D’- 
Amico. 

15. Since all the foregoing experiments were made using an 
iron with a composition which normally would solidify gray, it is 
difficult to determine from them just how important a factor super- 
cooling may be in producing white iron castings from an iron of 
normal malleable composition. The writer has, however, seen in- 
stances where such an iron when cast into a *<-in. diameter quartz 
tube heated to 1600°F., would always yield completely gray iron. 
This is rather the inverse of the experiments recorded by Schneide- 
wind and D’Amico, and indicates that supereooling is certainly an 
important factor in keeping this type of iron white. 


CONCLUSIONS 


16. The following conclusions appear to be warranted : 
(a) The inherent desire of all cast irons, determined by 
thermodynamic relations, is to solidify as aggregates of 
iron and graphite. 
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(b) Given sufficient opportunities of time and temperature 
during cooling, they will all freeze as gray iron. 


(c) When they freeze as mottled or white iron, the reason is 
to be found in the lack of opportunity to do otherwise 
under the time-temperature conditions prevailing during 


cooling. 
(d) Cast iron is susceptible to undercooling. 


(e) When, by rapid cooling, this supercooling becomes about 





4 200°F., white iron can be produced in a normally gray 
iron. 
: (f) Supercooling must be an important factor in producing 


white irons of malleable composition, since, when it is 
; absent because of slow cooling, gray irons result. 


om) 5 
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The Effect of Composition on the Annealing of 
White Cast Iron 


By W. D. McMimwan*, Cuicago, IL. 


Abstract 


Tests have been made on white cast iron ranging in 
silicon from 0.90 to 1.80 percent, to determine the effect 
of the silicon content on the length of time required to 
complete the first stage of graphitization. The results 
indicate that the time required ranges from 3 to 24 
hours, depending on the silicon content. The number 
of temper carbon nodules also varies with the silicon con- 
tent and with the length of time the iron is held at the 
annealing temperature. 


1. This paper deals with the effect of composition, principally 
silicon, on the time required to complete the first stage of graphiti- 
zation. The iron tested ranged in silicon from 0.90 to 1.80 percent, 
all of which was melted in coal-fired furnaces with the exception 
of iron ‘‘A’’ (0.90 percent silicon) which was produced in a eupola- 
air-furnace duplexing unit. 


COMPOSITION 


2. The composition of the various irons tested is shown in 
Table 1. Rather roughly, the silicon ranges from 0.90 to 1.80 per- 
cent. It was planned to obtain bars which represented the full 
range and to check the annealing characteristics at each ten points 
of silicon. We were unable to obtain iron with a silicon between 
1.28 and 1.54 percent. For this reason, there is a spread of 0.26 
percent between irons ‘‘E”’’ and ‘‘P.’’ 


* Works Metallurgist, McCormick Works, International Harvester Co. 
Note: This paper was presented at a Malleable Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 21, 1942. 
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Table 1 


COMPOSITIONS OF IRONS TESTED 


Silicon, Carbon, Manganese, Phosphorus, Sulphur, 

lron percent percent percent percent percent 
A 0.89 2.76 0.37 0.108 0.149 
3 1.02 2.32 0.34 0.138 0.076 
B-1 1.02 2.62 0.29 0.130 0.073 
C 1.10 2.76 0.30 0.150 0.069 
D 1.20 2.51 0.29 0.152 0.069 
E 1.28 2.44 0.31 0.126 0.066 
F 1.54 2.21 0.29 0.108 0.068 
G 1.60 2.31 0.32 0.086 0.072 
H 1.70 2.10 0.30 0.106 0.059 
H-1 1.68 2.37 0.34 0.100 0.062 
] 1.79 2.30 0.34 0.112 0.067 


PROCEDURE 


3. All of the iron was normally melted down to the analysis 
shown. It was felt that it was better to use normal iron rather than 
to risk the confusing and erratic results which are often found on 
iron to which silicon has been added in the ladle, and often times 
when ‘‘heavy’’ additions have been made to iron in the furnace. 

4. The examinations were made on the 34-in. section of a test 
bar, far enough from the gate to be unaffected by possible shrink 
at that point. All the bars under one code letter were from the 
same ladle and the same mold. 

5. The bars were heated in an electric furnace. No effort was 
made to create, or hold, any special atmosphere in the furnace. The 
atmosphere would be considered normal for a heat treating furnace 
and mildly oxidizing. 

6. To avoid possible variation in heat-up periods, the bars were 
placed in the furnace at temperature, 1700°F. The bars were re- 
moved from the furnace and allowed to cool normally in still air. 

7. Completion of the first stage of anneal was established by 
microscopical examination as that point when all massive free 
cementite had been eliminated. Table 2 shows the results of this 
portion of the test. 

8. The material tested was held at 1700°F. for different lengths 
of time, according to the silicon content, and specimens removed 
according to the schedule shown in Table 3. The irons tested were 
analyzed for the percent combined carbon and the percent graphitic 
carbon, the graphitic carbon being obtained by combustion and 
the combined carbon by difference. Considering the inherent de- 











EFFECT OF COMPOSITION ON ANNEALING 


Table 2 


Time RequireD TO COMPLETE First STAGE GRAPHITIZATION WITH 
VARYING SILICON CONTENTS 


Silicon, Carbon, Hours to Complete 
percent percent First Stage 


0.89 2.76 24 
1.02 2.32 24 
1.02 2.62 21 
1.10 2.76 18 
1.20 2.51 12 
1.28 2.44 
1.54 2.21 
1.60 2.31 
1.70 2.10 
1.68 2.37 
1.79 2.30 


gree of accuracy of this determination, the results are fairly well 
in line and indicate that when the first stage of graphitization is 
complete, the combined carbon, regardless of silicon, is practically 
the same. The results of the determinations are summarized in 
Table 4. 


Table 3 
Houtpina@ TIMES FOR SPECIMENS 


Silicon, Carbon, 
per- 
cent —————_ Number of Hours at 1700°F. 
2.76 18 21 24% 27 
2.32 18 21 24% 27 
2.62 18 21* 24 
2.76 18* 21 24 
2.51 9 18 21 24 
2.44 
2.21 
2.31 
2.10 
2.37 
2.30 


Microscopic EXAMINATIONS 


9. In making the microscopic examinations, it was observed that 
there was considerable variation in the number and size of the 
temper carbon nodules. Table 5 shows the graphite count for the 
irons of different silicon content at the point when the cementite 
has been completely eliminated and after several hours additional 
soak at the same temperature, 1700°F. 


. Denotes number of hours required to complete the first stage of graphitization. 
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Table 4 


RESULTS oF CHEMICAL ANALYSIS 


————————- Bib, «ft rv tie 
Average Average Average 
Total Carbon, Graphitic Carbon, Combined Carbon, 
Iron percent percent percent 
G, H, H-1,1, B 2.20 1,29 0.91 
E, E-1 2.48 1.52 0.96 
A, B-1, C 2.61 re | 0.90 


Note: Iron “E-1" contained 1.28 percent silicon and 2.54 percent total carbon as 
cast. It was run as a check on Iron “E” end is not shown in other tables. In the above 
table, the irons have been grouped according to total carbon content, low, intermediate 
and high. 


Effect of Time on Nodule Number 


10. The nodule or graphite count is taken as the number dis- 
cernible at x125 magnification in a single field, the figure shown 
in Table 5 being the average count of five fields. The change in 


size and number of graphite nodules with prolonged heating is 
clearly shown in the photomicrographs Figs. 1 and 2 of iron ‘‘D,’’ 
and Figs. 3 and 4 of iron ‘‘H.’’ 


Fic. 1—Inon “‘D’’, CONTAINING 1.20 PER CENT SILICON Arter 12 Hours at 1700°F. Etcuep 
IN NITAL, x100. 
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SAME IRON AS Fic. 1 Arrer 24 Hours at 1700°F. ETcHEep IN NITAL, x100. 


11. The structure of iron ‘‘D’’ after 12 hours at 1700°F. is 
shown in Fig. 1, magnification x100. The structure of iron from 
the same bar after 24 hours at 1700°F. is shown in Fig. 2, magni- 
fication x100. Both the number and size of the temper carbon nod- 


ules have changed. 


12. The same change is brought about by continued soaking of 
the higher silicon irons. In Fig. 3 is shown the structure of iron 
‘‘H’’ (1.70 per cent silicon) after 3 hours at 1700°F. The magni- 


Table 5 
GRAPHITE NODULES IN VARIOUS SPECIMENS 


Silicon, Carbon, Average Number of Nodules per Field After— 
percent percent 8’ 6 7 8 141 12 15 18 21 25 ##27—Hours 
0.89 2.76 , & 

1.02 4 6 

1.02 30 14 il 21 

1.10 36 8 

1.20 ll 

1.28 
1.54 
1.60 
1.70 
1.68 
1.79 
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fication here is x225. After 7 hours total time, or an additional 4 
hours at temperature, the structure produced is shown in Fig. 4, 
magnifieation x225. 


DISCUSSION 


13. The results of this short series of tests have been recorded 
without comment, other than an effort to clarify the details of the 
procedure. It will be well to bear in mind that this is but one series 
of tests and for that reason might well be checked before any eccn- 
clusions for general application are made. 

14. The length of time required to complete the first stage of 
graphitization is specific for these test conditions. In actual prac- 
tice, because of the heat up and cooling periods, the actual ‘‘hold- 
time’’ necessary would be shorter. This hold-time period, however, 
would, on the other hand, be increased to assure uniformity of tem- 
perature of a larger mass. Several observations have been made 
which may be worthy of further thought and investigation. 


15. The effect of silicon is such that it requires six to eight times 





Fis. 3—Iron “HH” CoNTAINING 1.70 PER CENT SILICON Arter 3 Hours aT 1700°F. Etcuep 
IN NITAL, x225. 
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Fic. 4—SAME IRON AS Fic. 3 AFTER 7 Hours at 1700°F. ETCHED IN NITAL, x225. 


as long to complete the first stage of graphitization with an iron 
containing 0.90 to 1.10 percent silicon as required for an iron with 
1.54 to 1.79 percent silicon. Since iron with 1.54 percent silicon 
contains no cementite after 3 hours at 1700°F., it might be assumed 
that silicons higher than 1.54 percent were not required, at least 
as far as the first stage of anneal is concerned. In order to over- 
come factors in melting which may set up resistance to anneal, it 
is better not to work too close to the minimum silicon. 

16. This test serves to substantiate experience that there is little 
or nothing to be gained from the standpoint of soaking time by 
using a silicon content higher than 1.70 percent. 


17. With regard to temper carbon distribution, a study of the 
data brings out several interesting points which may perhaps be 
better expressed as questions for further discussion than as state- 
ments. In general, irons high in silicon (‘‘F”’ to ‘‘I’’) show a much 
higher count than the lower silicon irons. Again as the higher 
silicon irons are heated, roughly 3 or 4 hours beyond the time re- 
quired for the first stage, the count decreases markedly. 


18. The graphite count on the low silicon irons is relatively low 
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11 to 4) after 24 hours. This low count may be due to the length 
of time heated as well as to the silicon content. Lron ‘‘B’’ at 15 
hours showed a count of only 20. On the other hand, Lron ‘‘D”’ 

1.20 percent silicon) showed a count of 47 after 12 hours, which 
is a fairly high figure for low silicon iron. 


19. The mechanism by which a relatively large number of small 


nodules is changed to a relatively small number of much larger 
particles by holding the iron an additional 4 hours at 1700°F., 


is a matter left for discussion. As an example, Iron ‘‘G’’ had a 
count of 120 after 3 hours at temperature and a count of 19 after 
7 hours at temperature. 

20. It is quite probable that the greater number of temper car- 
bon nodules present in the higher silicon irons may be attributed 
to the higher percent of silicon. Also, that the greater number of 
nodules promotes graphitization, both in the first and the second 
stage of the anneal. 

21. As prolonged heating beyond the time required tends to de- 
erease the graphite count, the effect of longer soaking would in turn 


make necessary a longer cooling period. 


Observation Relative to Carbon Content 

22. The tests made show that the percent of combined carbon 
present at the end of the first stage of anneal is practically the same 
regardless of the silicon or carbon content as-cast. Also, that when 
the iron is higher in carbon, the percent graphitic carbon is corre- 
spondingly higher at the end of the first stage. This would neces- 
sarily be true, since the combined carbon content is practically 
the same. 

23. After considerable study of the data, the conclusion has 
been made that there are too many other factors affecting these 
results to permit of any statement regarding the effect of the total 
carbon content as cast in this series of tests. 


SUMMARY 


24. It is realized that the volume of data is hardly great enough 
in these tests to draw any far reaching conclusions. It is quite evi- 
dent, however, that the first stage of graphitization may be com- 
pleted in a much shorter time with a high silicon iron (1.60 per- 
cent) than with a 1.00 percent silicon iron. The tests indicate also 
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that the number of graphite nodules is greater in the higher silicon 
irons. It is apparent, also, that with continued heating at the same 
temperature (and probably at a lower temperature) the number of 
graphite nodules decreases. There are hardly sufficient data to es- 
tablish much information regarding the effect of carbon content. 

25. It is hoped that readers will realize that this paper covers 
only one series of tests which might well be duplicated in the 
interest of confirmation. The observations are recorded in the 
hope that they may stimulate discussion and further investigation 
and that the information submitted may help to make an interest- 
ing and successful symposium on the graphitization of malleable 
iron. 
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Periodic Malleable Annealing Furnaces 
By W. R. Bean* anno W. R. Jaescuke*, Harvey, Lu. 


Abstract 


The direct-fired, periodic, pot type and the indirectly- 
fired, muffle-type ovens are the oldest of existing types 
of periodic malleable annealing furnaces and predominate 
in usage today. The most common is the floor-loaded pot 
type oven. In this paper, the authors explain the three 
general types of periodic malleable annealing ovens, giv- 
ing typical layouts and illustrations of typical installa- 
tions. They also discuss such subjects as oven design, 
comparative value of fuels, firing costs by the hand-fired, 
oil and pulverized-coal-fired methods, oven loading, pots 
and packing materials, stacking practice, temperature 
control, oven cycles, and methods of firing, for the floor- 
type pot ovens. In general, the same type of material is 
given for car-type, periodic, pot ovens and for the periodic, 
muffle-type ovens. 


1. The direct-fired, periglic, pot oven and the indirectly-fired, 
muffle oven are the oldest of all existing types of periodic malleable 
annealing furnaces, and still predominate in general usage. Ap- 
proximately 71.5 per cent of the malleable iron production of to- 
day is being annealed in ovens of these types. 

2. Of this group, the conventional floor-loaded, pot-type oven 
is most commonly used. This oven is low in initial and operating 
costs and has for many years produced malleable iron of the high- 
est quality. This high quality has been maintained consistently 
and costs steadily reduced with the application of pulverized coal 
and construction employing insulating fire brick. Annealing cycles, 


* Vice-President and Foundry Engineer respectively, Whiting Corporation. 
Note: This paper was presented at a Malleable Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 21, 1942. 
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which in the past ranged from 7 to 10 days, have been reduced to 
a present range of from 4 to 7 days. 

3. The floor-type oven is quite simple in design. It is of rec- 
tangular box form and brick construction, suitably reinforced 
with stecl framework. The old ovens were of heavy wall con- 
struction, of about 18-in. thickness, while the modern ovens are 
most generally constructed with 9-in. walls of insulating fire brick 
backed with several inches of primary insulation. The floors of 
these modern ovens also are insulated, with 714 to 10-in. of seeond- 
ary insulating material. 

4. Figure 1 shows a typical design for a modern, insulated, 
floor-type oven, while Fig. 2 shows an installation. At the left oven 

















Fic. 1—TypicaAL DEesIGN FoR A MopERN, INSULATED, FLOOR-TYPE OVEN. 


in Fig. 2, note gas burner used for lighting and flue openings at 
rear of oven. Ovens of this type generally range from 20 to 40- 
tons capacity. 

5. These ovens are generally fired from one end with pulver- 
ized coal or oil or are hand fired on a grate with lump coal. Vari- 
ous schemes have been in use as to flue locations, but most mod- 
ern ovens are standardized with solid floor construction and 
with flue openings in the back wall close to the floor, the heat 
flowing over the top of the pots, down the spaces in front of and 
between the pots and along the floor to the flue outlet. Pulver- 
ized coal is the predominating fuel used to fire these ovens. Over 
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Fic. 2—Two 382-Ton Capacity PULveRIzeED-CoAL-FireD MALLEABLE ANNEALING OVENS. 
Note GAS BURNER USED FoR LIGHTING AND FLUE OPENINGS AT REAR OF OVEN ON THE LEFT. 
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3—CoAL PULVERIZING UNIT INSTALLED AT REAR oF Two, 20-ToN CAPACITY 
MALLEABLE ANNEALING OVENS. 
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Table 1 
COMPARATIVE VALUE OF FUELS ON B.T.U. PER DoLUAR Basis 


Heat Units per Dollar—-(Tabulated in Thousands of B. t. u.) 
Coal 


eco ———- Price Per Ton in Dollars 
$2.00 $3.00 $4.00 $5.00 $6.00 $7.00 $8.00 
7,000 4,667 3.500 2,800 2,333 2,000 1,750 
8,000 5,333 4,000 3,200 2,667 2,280 2,000 
9,006 6,000 4,500 3,600 3,000 2,570 2,250 
10,000 6,667 5,000 4,000 3,333 2,850 2,500 
11,000 7,333 5,500 4,400 3,667 3,150 2,750 
12,000 8,000 6,000 4,800 4,000 3,430 3,000 
13,000 8,667 6,500 5,200 4,333 3,720 3,250 
14,000 9,333 7,000 5,600 4,667 4,000 3,500 
15,000 15,000 10,000 7,500 6,000 5,000 4,215 3,750 


Gas 





B.t.u. 

per cu. ———————— Price Per 1,000 Cu. Ft. in Dollars —, 

ft. Gas $0.30 $0.40 $0.50 $0.60 $0.70 $0.80 $0.90 
200 670 500 400 333 285 250 222 
400 1,330 1,000 800 677 570 500 444 
*550 1,815 1,375 1,100 917 786 689 622 
690 2,000 1,500 1,200 1,000 857 750 666 
800 2,670 2,000 1,600 1,333 1,140 1,000 888 
1,000 3,330 2,500 2,000 1,667 1,430 1,250 





*Denotes Municipal Gas 


Oil 
A.P.I. Lb. B.t. 
Std. Baume Specific per per -—— Price Per Gallon in Dollars —~ 
Gravity Gravity Gal. Gal. $0.01 $0.02 $0.03 $0.04 $0.05 
40°-42° 0.8203 6.834 136,640 13,664 6,832 4,555 3,416 2,733 
32°-36° 0.8550 7.123 139,380 13,938 6,969 4,646 3,485 2,788 
28°-32° 0.8762 7.300 141,700 14,170 7,085 4,723 8,543 2,834 
24°-26° 0.9042 7,533 144,800 14,480 7,240 4,827 3,620 2,896 
16°-20° 0.9465 7.885 149,420 14,942 7,471 4,981 3,736 2,988 


Lb. B.t.u. 

Std. Baume! Specific per -—— Price Per Gallon in Dollars ——, 
Gravity Gravity “ Gal. $0.06 $0.07 $0.08 $0.09 $0.10 
40°-42° 0.8203 136,640 2,277 1,952 1,708 1,518 1,366 
32°-36° 0.8550 139,380 2,323 1,991 1,742 1,549 1,394 
28°-32° 0.8762 141,700 2,362 2,024 1,771 1,574 1,417 
24°-26° 0.9042 144,809 2,413 2,069 1,810 1,609 1,448 
16°-20° 0.9465 149,420 2,490 2,135 1,868 1,660 1,494 


Electricity 


B.t.u. 

per _— Price Per K.W.H. in Dollars — 

K.W.H. $0.0075 $0.01 $0.0125 $0.015 $0.02 $0.025 $0.03 

3415 455 $41.5 273 228 170 187 114 

EXAMPLES: Using 14,000 B.t.u. Coal at $5.00 per ton, , $1.00 purchases 5,600,000 B.t.u.’s 
Using 550 B.t.u. Gas at 50¢ per M, $1.00 purchases 1,100,000 B.t.u.’s 
Using 1,000 B.t.u. Gas at 40c per M, $1.00 purchases 2,500,000 B.t.u.’s 
Using No. 3 Grade Oil at 5c per Gal., $1.00 purchases 2,834,000 B.t.u.’s 
Using Electricity at le per K.W.H., $1.00 purchases 341,500 B.t.u.’s 

Note :—Efficiencies, handling, maintenance and power to operate must be calculated in 

arriving at the net B.t.u. purchased with each fuel. 
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Table 2 

COMPARATIVE FIRING Costs FoR MALLEABLE ANNEALING OVENS 
(Preriopic Type) 

(Cost per Net Ton of Castings Annealed) 

Firing Method 








Coal, Hand Coal, 
Oil Firing Pulverized 
Cost Item 
Fuel Price per Unit ........ $0.05 per $5.00 per $4.50 per 
Gal.* Ton Ton 


(Lump Coal) (Screenings) 
Fuel Consumption per 


Net Ton of Castings ..... 75 gals. 1000 Ib. 500 Ib. 
ESSE cL aa $3.75 $2.50 $1.13 
Pee TE oo ove ccs awase — 0.10 0.05 
cy i AS a re — — 0.08 
Tere reer ee — 0.05 0.05 
EE NS a ok wk av wa _— 0.55 — 
Total Firing Cost ..... isos $3.20 $1.31 


Possible Savings by Installa- 
tion of Pulverized Coal 


ES, Sckaiedaccacs. $2.44 $1.89 — 
* Oil at $0.05 per gallon includes pumping, heating and atomizing. 


65 per cent of the tonnage annealed in pot ovens comes from ovens 
that are pulverized coal fired. Figure 3 shows coal pulverizing 
unit installed at the rear of two, 20-ton capacity ovens. 

6. Table 1 shows the comparative value of fuels and Table 2, 
the comparative firing costs for annealing ovens of the periodic 
type. Table 3 shows the approximate distribution of the differ- 
ent types of ovens and firing methods. 


Methods of Oven Loading 
7. Castings annealed in the floor-type or periodic pot ovens 
are annealed in pots either with or without packing material. The 
castings are placed in the pots and pots stacked one on the other. 
Usually 4 or 5 pots comprise a stack. All joints at the top cover, 
and between the pots, are sealed by luting with clay to protect 
the castings from the products of combustion. When the cast- 
ings are surrounded by a packing material, the whole mass is 
practically solid and castings then are supported properly to pre- 
vent warpage. By this use of pots and packing material, the 
castings are assured good surface finish with minimum distortion 
and resultant low straightening costs. 
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Table 3 


APPROXIMATE DISTRIBUTION OF DIFFERENT TYPE OVENS AND 
Frrinag Meruops 
Annual Casting 


Tonnage Percentage of Capacity 


os as of as of as of 
Method of Firing Sept. 19, 1941 Sept. 19, 1941 Jan. 1, 1941 
4 


Pulverized-coal-fired 529,100 
Coal, hand-fired 89,900 7.9 9.8 
Coal, stoker 27,000 2.4 2.4 


Tunnel kiln 233,000 
Oil-fired 167,450 
Gas-fired 

Electric 


Total 


Pots and Packing Material 

8. Pots may be either round or rectangular in shape, may be 
of ring design or with east in bottoms. Pots with bottoms are 
generally used when the castings are annealed without packing 


material. 


9. The packing material is usually sand, gravel or crushed 
air furnace slag. It is important that this material be sufficiently 
high in refractoriness to resist fusion at annealing oven tempera- 
tures. 


10. Pots should not be too large or too much time will be con- 
sumed in heating or cooling the material in the center of the pots. 
A pot 18-in. in one dimension inside is generally accepted as sat- 
isfactory. Pots generally average 3 to 4 cu. ft. in capacity and 
vary from 250 to 600 lb. each in weight. Pot life varies from 15 
to 30 heats, depending on the material of construction and vari- 
ous service conditions. 


Stacking Practice 

11. The stacks should be loaded in the oven with due care to 
spacing, so that there is ample clearance for good circulation of 
the heat. The stools on which the pot stacks set should have legs 
high enough to permit circulation of the heat under the stacks. 
The oven floor should be kept reasonably free from ash for free 
circulation of the heat. The stacks should be spaced for a clear- 
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ance of 8 to 10-in. along the furnace walls and a clearance of 4-in. 
between the rows of pots. Round pots provide better clearances 
for heat circulation and can generally be set closer than rectan- 
cular pots. 

12. Thermocouple provisions are generally made for taking of 
temperatures within the pots and also outside in the oven atmos- 


phere, particularly so when packing material is used. 


Ratio of Castings to Oven Charge 

13. In pot ovens, where castings are annealed in packing ma- 
terial, the castings comprise about 30 to 40 per cent of the total 
load in the oven, pots and stools 35 to 45 per cent and packing 
material 25 per cent. When no packing material is used, the 
ratio in the load is in the order of castings 40 to 50 per cent and 
stools and pots 50 to 60 per cent. 

14. Pots and packing material obviously create a resistance to 
heat penetration and are responsible for a temperature lag be- 
tween the oven and that of the castings within the pots. This lag 
will vary from 8 to 20 hours, depending to some extent on the 
rate of temperature rise in the oven. Figure 4 illustrates the 
temperature lag in a small, floor-type oven where about 50 per 
cent of the castings were annealed in packing material and the 
other 50 per cent without packing material. Figure 5 is a typi- 
eal annealing cycle for floor-type ovens annealing castings in 
packing material. Figure 6 is of an annealing cycle used in a 
floor-type oven annealing pipe fittings without packing material. 


Furnace Firing 

15. The firing rate of pulverized coal-fired ovens varies from 
200 to 500 lb. per hour during the heating up period. During 
the first stage soaking period, some ovens will hold temperature 
as long as 20 hours without additional firing, while others may 
require as much as 100 lb. per hour to hold the temperature. 
After the first stage soaking period, the most usual practice is 
to open the dampers to drop the temperature to about 1400°F. 
Some operators force cooling during this period and reduce their 
eyele by several hours. From about 1400° to 1250°F., the cool- 
ing is controlled to 4 to 5°F. per hour. Whether any firing is 
required during this period, depends on oven size and construc- 
tion. 
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Fic. 4—TEMPERATURE LAG IN A SMALL, FLOOR-TYPE OvEN IN Wuicn ABout 50 Per 
CENT OF THE CASTINGS ARE ANNEALED IN PACKING MATERIAL AND 50 Per CENT 
Witnuout Ir. 


Fic. 6—TyricAL ANNEALING CYCLE FoR FLooR-TYP—E OvENS IN WHICH CASTINGS ARE IN 
PACKING MATERIAL. 


Fic. 6—TypicaAL ANNEALING CYCLE oF FLoorR-TyPpE OveN IN WHICH THE CASTINGS ARB 
Not PAacKep. 
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16. Representative costs for annealing in a 20-ton pulver- 
zed-coal-fired oven, annealing in packing material, are shown 
n Table 4. 


Table 4 
REPRESENTATIVE ANNEALING Costs IN A 20-Ton, PULVERIZED- 
Coau-FIrRED OvEN 
Cost per Net Ton 


of Castings Annealed 
Cost Item 





Fuel— (Coal—500 lb. at $4.50 per Net Ton) .................. $1.13 
Ea See ee GED bv s.din vee ons 60s cea ye nde besser 1.80 
PON. Sih bk sie 60 oe eke 8d chao A eo hacebeeeaeeus kee 2.00 
el es Sc dices Dd cals Da aE a Ga ld kk Bie 0.05 
PEs Giia'sa WAhin.o bts te 50a 0 eA ew 8 are A a FW be sara a ae 0.08 
Se ena bth cba W arte dae ee Pesach okes Ceeehebeeharen 0.05 
fA ee ee ree errr or eer 0.35 

INH Sic bon. cane weeds $5.46 


CaR-TYPE PERiopic Pot OvENS 


17. The ecar-bottom type oven is basically the same as the 
floor-type oven, except the floor is movable. The feature of 
the car-bottom permits removal of the pots from the oven at 
1200°F. Rapid unloading and reloading of the car is possible 
so that the new charge is back in the hot furnace in time to uti- 
lize the residual heat in the furnace. 


18. These ovens are generally smaller than the average floor- 
type oven and vary in capacity from 6 to 16-tons. Annealing 





Fic. 7—ANNEALING CYCLE oF CAR-TYPE Pot OVEN IN WHICH THE CASTINGS ARE Not 
PACKED. 
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Fic. 8—TypicaL Layout or Two, PULVERIZED-COAL-FIRED CAR-TYPE OVENS. 


eycles range from 3 to 5 days. Figure 7 is the chart of the an- 
nealing cycle used in a plant making malleable iron castings to 
the 35018 specification. Other ovens are operating on cycles as 
low as 72 to 82 hours. 


19. Figure 8 is a typical layout of two car-type ovens, pul- 
verized-coal-fired. An installation is shown in Fig. 9. 


Preriopic Murrie-TyPe Ovens 


20. The muffle-type oven is used largely for annealing cast- 
ings that lend themselves more readily to high piling or stack- 
ing rather than placing in pots. More weight can be handled 
per cubic foot of oven space in the muffle oven for these particu- 
lar castings, than would be the case, were they placed in conven- 
tional pot ovens. A good size oven of this type can handle as 
high as 60 tons of castings in one charge. 


21. The muffle oven is principally one brick shell within a 
larger one. The outer shell resembles decidedly a floor-type 
pot even. Within this outer shell is the brick muffle, usually built 
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Fic. 9—INSTALLATION OF Two, CAR-TypF, PEeRIopIc, Por MALLEABLE ANNEALING OVENS. 


of special refractory shapes to permit the best possible heat trans- 
fer. The inner muffle is sealed tightly against the products of 
combustion so no pots, nor packing material are necessary. 

22. The space between the muffle and outer shell is large 
enough to permit proper combustion of the fuel used. Flues 
are so arranged as to enable the flame to heat the entire sur- 
face of the muffle. 


23. The fuel used is usually oil or gas and, as in the typical 


floor-type oven, firing is generally from one end. 


24. The annealing cycle in muffle-type ovens is longer than 
in either the floor-type or car-bottom-type oven. Cycles vary from 
8 to 10 days. 


(Discussion for entire Symposium will be found on pages 133- 
148, inclusive. ) 
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Malleable Annealing in the Dressler or Tunnel-Type 
Kiln? 


By R. J. ANDERSON*, RACINE, WIs. 


Abstract 


The author discusses quite completely the operation, ad- 
vantages and disadvantages of the tunnel-type kiln an- 
nealing furnace for malleable iron. He outlines specifically 
the experience of the Belle City Malleable Iron Company. 
He discusses in detail the choice of packing materials, 
construction of the kiln, methods of increasing or decreas- 
ing capacity, advantages and disadvantages of the tunnel- 
kiln, and methods of overcoming disadvantages. He out- 
lines work done on his company’s tunnel-kiln to increase 
its efficiency during times of slack operation by construc- 
tion changes. He also ovtlines the effect of the redesign 
of the kiln on temperature control, how to vary the anneal- 
ing cycle under the conditions outlined, and finally the 
cost of operation. 


1. There have been a number of tunnel-type kilns built for use 
in both the ceramic and malleable iron industries. The manufac- 
turers of these units include Dressler, Holeroft, and Harrup. The 
majority of these ovens being used in the malleable iron foundries 
for annealing were installed by Dressler. To the best of the au- 
thor’s knowledge, there are, in this country, at present, about nine 
Dressler tunnel-type kilns being used for annealing malleable iron 
castings. 

2. The design of these kilns varies as to length of kiln, number 
of cars they accommodate, and size of cars. These variations, of 
course, cause a difference in the tonnage that can be loaded on 
each car with a resulting increase or decrease in the capacity of 
the kilns. 

3. The temperature curve or cycle also is varied by the dif- 





+ In the absence of the author, this paper was presented by F. L. Harris, Belle City 
Malleable Iron Co., Racine, Wis. 


* General Superintendent, Belle City Malleable Iron Co. 


Note: This paper was presented at a Malleable Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 21, 1942. 
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ferent users, depending upon the analysis of the iron to be annealed, 
tonnage of castings on each car, type and amount of packing used 
per pot, and total amount of castings to be put through each day. 
These differences in tonnage are taken care of by varying the num- 
ber of cars pushed into, and therefore out of, the kiln each day. 

4. There also are a number of different fuels used for firing, 
including manufactured gas, natural gas, butane, and producer 
vas. Thus, to maintain the relationship and to make the com- 
parison of the various costs and processes easier, the author will 
confine his remarks to the kiln at the Belle City Malleable Iron 
Company. 





5. This unit was installed and put into operation in 1924. The 
Dressler continuous annealing furnace is of the tunnel and car 
type. The castings to be annealed are loaded in pots on a train 
of cars that are pushed progressively through the tunnel by means 
of an hydraulic ram at the loading end. They are then moved 
along a return track outside the kiln where they are first unloaded, 
then reloaded and made ready for another trip through the oven. 
A view of this track is shown in Fig. 1. Because the kiln is full 
5 of ears, each time one is pushed in at the loading end a ear is 
pushed out of the oven at the exit end. The pots shown are of the 
bottom type, and castings are packed or stacked in these pots as 
carefully as practical for the purpose of avoiding excessive warpage. 





Packing Material 

6. While it is deemed preferable to eliminate packing entirely, 
a percentage of jobs are found that, because of their design, must 
be packed. For packing material, a coarse-grained silica sand is 





Fic. 1—View oF TUNNEL-KILN SHOWING LOADING AND UNLOADING TRACK. 
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Fic. 2—OrIGINAL DesiGN oF DressLer KILN WITH CONTINUOUS MUFFLE ON EITHER SIDE 
OF THE FURNACE IN BoTH THE HEATING AND SOAKING ZONES. 


used. This material is chosen for paeking because it flows around 
the castings and packs very well in the pot. It is much cleaner to 
handle on the dump floor than any other material tried. The use 
of any active packing has not been considered because of its 
tendency to decarburize, with a resulting penalty in machinability. 


Construction 

7. The original design of the Dressler kiln had a continuous 
muffle on either side of the furnace in both the heating zone and in 
the soaking zone, as shown in Fig. 2. Combustion takes place within 
the specially-designed tile muffle and the hot gases are drawn from 
one end to the other by a fan, then through a flue to a preheater 
and exhausted to the atmosphere. 

8. The tile which forms a double-walled chamber is shown in 
Fig. 3 and is so designed that the differences in temperature from 
the top to the bottom promote a circulation of gases which theo- 
retically go down through the annealing pots and back around the 
combustion chamber for reheating as shown in Fig. 4. These tile 
are set on a fire brick bench on either side of the furnace and are 
bedded in with a layer of silica grains which allows them free move- 
ment in their expansion and contraction. 


Methods of Increasing or Decreasing Capacity 
9. Since the original installation of these kilns, a number of 
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Fic. 3—SINGLE SECTION oF COMBUSTION CHAMBER. ARROWS INDICATE THE DIRECTION OF 
CIRCULATION. 





them have been modified to meet a demand for either an increase 
or a decrease in annealing capacities. Increased capacity could be 
obtained in three different ways. First, by placing additional 
burners at the entrance end of the kiln to allow more B.t.u. input. 
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Fic. 4—DIAGRAMMATIC SKETCH SHOWING MECHANISM OF HEAT DISTRIBUTION IN HEATING 
ZONE. 
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This, of course, brings the castings up to the soaking temperature 
in a shorter time. Secondly, a rapid cooling zone, at the end of the 
soaking zone, can be applied by the use of circulating cold air to 
lower the temperature of the pot from the soaking temperature to 
1425° to 1400°F. in as short a time as possible. Thirdly, the elimi- 
nation of as much packing material as possible to reduce the total 
weight to be heated np to temperature and later cooled. 


10. <A decrease in capacity could be obtained in two ways— 
either by shortening the length of the kiln or by pushing fewer cars 
per day through the kiln. 


Advantages of Tunnel-Kiln 

11. It should be explained here that in the kiln at the Belle 
City Malleable Iron Co., there are 62 cars at all times and each 
ear is loaded with from 414 to 5 tons of castings to be annealed. 
Suppose, for example, that foundry production was 84 tons of cast- 
ings per day for 5 days. At this rate, it would be necessary to an- 
neal 420 tons per week. The kiln, of course, is operated on a 7-day 
per week basis, which means that 60 tons of castings or 12 ears 
would have to be pushed per day. 

12. From this, it will be seen that the total time of the anneal- 
ing cycle with a 12-car push per day would be 124 hours. Gen- 
erally speaking, this affords very satisfactory delivery of castings 
to the customer because the only time it would be advantageous to 
have a shorter anneal than this would be the first few days’ run 
on a production lot of castings. For example, suppose a particular 
job is put into production in the foundry on a certain day. Five 
days later castings will be out of the annealing oven and available 
for shipment after cleaning and finishing. Also, there will be cast- 
ings available for shipment each day thereafter as long as the foun- 
dry maintains its production. This, together with the advantages 
of: having a uniform or continuous amount of tonnage passing 
through the cleaning and finishing departments at all times and 
the continuous supply of pots for the chippers, is decidedly in 
favor of the tunnel-type kilns. 


Disadvantages of Tunnel-Kiln 

13. However, these conditions do not hold true during a low 
production or depression period, such as we had during 1930 to 
1935. The advantages pointed out above are partly lost to a plant 
like this with only one kiln in operation. For instance, suppos- 
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Fic. 5—DESIGN OF OPENING AT CENTER OF KILN USED TO SHORTEN IT FoR LoW CAPACITY 
OPERATION. 


ing the daily production drops to 35 tons of castings per day. 
Unless we push dummy ears or cars of sand so that we can main- 
tain a high car push per day, only about 5 cars could be pushed, 
and the result would be an annealing cycle of almost 12% days. 
This would result in delivery that would not be satisfactory 
to a customer. The continuation of available castings out of the 
oven would also be affected because during periods of this kind, in 
addition to the reduction in production, there is also a reduction 
in the quantity of castings ordered at one time. It was found that, 
both from the delivery and economical standpoint, the kiln could 
not be operated justifiably at lower than a 6-car push per day. 


Overcoming Disadvantages 

14. To overcome the disadvantages encountered during these 
low production periods, a third opening was made in 1938, in the 
center of the oven as shown in Fig. 5. By the use of a hinged 
swinging door, and operated by air from the outside of 
the oven, the door can either be swung to the closed position 
where it forms part of the side wall of the 62-car kiln, or, during 
a low production period, can be used in the open position to serve 
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as the exit of the 3l-car kiln. The same type transfer } it and trans- 
fer car are used in this center section as are used on either end. 
The transfer car is used as such when operating the 31-car k‘In and 
is left in place to form that part of the floor in the oven when using 
the 62-car kiln. The outside door and chamber also are the same 


as used on the ends. 


15. This change resulted in a flexible unit that could be op- 
erated fairly economically at a low car push and enabled the plant 
to make satisfactory delivery to its customers. The short kiln was 
operated under these conditions for a period of about one year and 


_- 


the pushes per day were varied from 4 to 7 ears. 


Operation of Revised Kiln 

16. To properly zone the heat curve of the 31-car kiln, it was, 
of course, found necessary to add burners at the front or entrance 
end of the kiln. This was done by using proper burners and pro- 
portional mixers. Twelve of these burners were installed on each 
side and were fed through two manifolds, each manifold caring 
for 6 burners. A cross section of the kiln at this point is shown 
in Fig. 6, and the arrangement of these burners and manifolds is 
shown in Fig. 7. 

17. The results of this were two-fold: First, it was possible to 
properly zone the 31-car kiln so as to maintain the proper time- 
temperature cycle for a 4 to a 7 or 8-car push per day. Second- 
ly, it gave a rapid heating zone at the entrance end of the kiln that 
should increase the capacity considerably. An opportunity has 
not presented itself, as yet, to go beyond an 11l-car push per day, 
but it seems reasonable to expect that, with the additional B.t.u. 
input at the head end, it should be possible to get at least 14 cars 
per day. 

18. Figure 8 shows a time-temperature curve on a 6-car push 
with the original oven and a 6-car push with the 3l-car oven. You 
will notice here that there is a difference of 115 hours in the com- 
plete cycle, the 62-car oven requiring 240 hours for a complete 
eycle. This, as we mentioned before, is the reason for the 1m- 
practicability of tunnel-type kilns when production drops off. Fig- 
ure 9 is another time-temperature curve showing the difference 
between a 10-car push curve in the original and redesigned kiln. 
You will notice that the total time is exactly the same because the 
62-car kiln was used in both cases. However, the rapid heating 
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zone shows a definite advantage in that a much longer period is 
allowed for secondary graphitization. You will also notice that 
there are approximately 30 hours saved in the heating time. 


Effect of Redesign on Temperature Control 

19. One would expect a considerable lag between the tempera- 
ture of the castings in the pot and the thermocouples in the arch. 
To determine this, tests were run, placing a thermocouple inside 
of the top and bottom pots and running them through the kiln. 
These curves are shown on chart, Fig. 10, and you will notice that 
there is a difference of 50° to 100°F. from the beginning of the 
cyele to the end of the soaking zone. At this point, the lines come 
very close together and the control to and through the second stage 
eraphitization period is very uniform and corresponds quite well 
with the different temperatures of the thermocouples as read in 
the control room. However, in the soaking zone, more time is re- 
quired for soaking and a higher temperature is required to make 
sure that the bottom pot gets the proper time and temperature for 
first stage graphitization. This, of course, is simple to figure after 








the variables are known. 

20. All of the plant’s annealing cycles are based on the idea 
of getting up to the soaking temperature as rapidly as possible. 
This is accomplished, as you see on some of the charts, in from 15 





Fic. 10—Time-TeMPERATURE CURVES OF TEMPERATURES REGISTERED IN POTS AND IN THE 
ArcH oF RepesiGNep KILN DuRING OPERATION. 
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Fic. 11—View oF PYROMETER CONTROL PANEL. 


to 20 hours. The charge then is held long enough to be sure of 
first stage graphitization, which is determined by micro-examina- 
tion of sample castings taken from the cycle in question. In this 
particular case, this has been from 25 to 35 hours. The charge is then 
cooled as rapidly as possible to 1400° to 1425°F., either by use of 
circulating air in the muifle chambers at the proper point or by 
removing insulating material from the roof of the kiln at this 
point. - From 1400° to 1300°F., a drop of about 5 degrees per hour 
is maintained. At 1320°F., the charge is held for a period depend- 
ing upon the time available. This, of course, is controlled by the 
number of cars being pushed. This general type of cycle has given 
a satisfactory and uniformly malleable product which conforms 
to the standard A.S.T.M. 35018 specification with an average of 
53,000 to 57,000 lb. per sq. in. tensile strength and a large percen- 
tage of our wedges testing at 30 blows. 


Methods of Varying Annealing Cycle 

21. The temperature curves are easily varied within reasonable 
limits to suit the car cycle required. That is, the heating and soaking 
zones can be moved toward the front of the kiln to allow the maxi- 
mum number of cars to be pushed per day and still leave enough 
time for second stage graphitization. The curve can be flattened 
out by moving these zones toward the center, still allowing plenty 
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Fic. 12—ViIEW OF PRODUCTION BOARD. 








of time for second stage graphitization and maintaining the same 
exit temperature. 

22. Experience has taught that it is better to lay out the time- 
, temperature curves by starting from the cooling or exit end of the 
j oven and working back to the heating zone. In this way, sufficient 
time is allowed for second stage graphitization, with either an in- 
crease or decrease of level for heating to temperature and cooling 














13—View or ANNEALING CoNTROL Room. 
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to 1425°F. The reasons for this are purely to effect economies. We 
have found very little, if any, difference in quality due to fast or 
slow heating, but of course have found considerable difference if 
the cooling rate is varied from 1400°F. to 1300°F. 


Controlling Kiln Temperatures 

23. After a cycle has been established, it is closely maintained 
by the use of 34 thermocouples placed in various positions in the 
arch of the oven. All of these are connected to the pyrometers in 
the control room, as shown in Fig. 11, and by means of rotary 
switches, can be read one at a time. Readings at each thermocouple 
are taken each hour, and any variation in temperature is imme- 
diately corrected by the adjustment of burners in that particular 
part of the kiln. The production board, Fig. 12, has each thermo- 
couple indicated by a circle, and a sliding hook arrangement rep- 
resenting each ear, inside and outside of the oven. The tags are 
marked to indicate the type of casting, rush jobs, ete. on each ear. 
Fig. 13 is a view of the control room. 


Costs 

24. To give an accurate comparison of costs between the oven 
fired with 520 B.t.u. gas and butane is difficult because the plant’s 
experience has not been over a long enough period of time. 

25. In Table 1, it will be noted that some changes have been 
made that would affect the cost. For instance, the section of the 
wall in the pot was changed, not to reduce the weight, but to 
strengthen the corners of the pot to eliminate distortion. It also 
will be noted that there is quite a difference in the therms per ton 
used in the short oven as compared to the original oven using 520 
B.t.u. gas. And also the pot cost per ton is up on the short oven 
with butane. A lot of trials and experiments have to be made to find 
out exactly how to burn this fuel and how to properly adjust the 
burners. The author believes it is fair to assume that after standard 
operating schedules for all the different cycles have been set up, a 
40 to 45 therm per ton fuel consumption will be reached, and that 
pot cost will be comparable to the $2.34 cost which was possible on 
the original oven. To substantiate this, during the past month, 
pot life has been increased by approximately 30 per cent due 
primarily to a change in the method of firing. However, the first 
two rows of figures on the original oven, fired with 520 B.t.u. gas, 
are accurate and were determined over a period of years. 
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MALLEABLE ANNEALING 


26. Please note the difference in fuel cost between the 11l-car 
push and the 414-car push. The author brings this out because of 
its importance to anyone considering tunnel-type annealing and 
with a production that would not allow the oven to operate at near 
full capacity all the time. As previously stated, the author expects 
that the short oven will finally give a total annealing cost some- 
where in the neighborhood of the $6.70 cost obtained on the original 
oven. This will afford a very flexible and economical means of 
annealing. 


Conclusion : 

27. In econelusion, the author might say that the advantages of 
the tunnel-type kiln, with its low refractory cost, comparatively 
good furnace efficiency, excellent uniformity and control plus the 
assurance of a steady flow of production through the cleaning and 
finishing departments and the advantage to the customer of having 
castings available each day, are decidedly in its favor. The only 
real disadvantage that has been found is the fact that when pro- 
duction dropped below 600 tons per month, quite a penalty was 
exacted in fuel cost and too great a delay in delivery of the first 
castings of an order to the customer because of the long period of 
time required to go through the regular kiln at a 4 to 6-car push. 


(Discussion for entire Symposium will be found on pages 133- 
148, inclusive. ) 
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Electric Furnace Annealing of Malleable Iron 
By R. M. Cuerry*, Scuenectapy, N. Y. 


Abstract 


As indicated by the title, the author discusses two gen- 
eral types of furnaces, the continuous and batch types. 
Of the continuous-types, he outlines the construction, op- 
eration, advantages and disadvantages of the roller-hearth 
and pusher-tray type continuous furnaces. He also gives 
the same information on a continuous-type furnace, part 
of which is heated with gas and the remainder by elec- 
tricity. Under batch-type furnaces, he discusses in detail 
the elevator-type electric annealing furnace, giving illus- 
trations of various installations. He closes his paper with 
the discussion of some of the advantages of electric mal- 
leable annealing furnaces. 


1. There are several types of batch and continuous furnaces 
used today for the annealing of malleable iron. The selection of the 
proper type and size of furnace for a particular application re- 
quires careful study of the conditions to be met and economies of 
the various types of furnaces that may be applicable. 

2. To justify a continuous-type furnace, there must be suffi- 
cient production to keep such a furnace in continuous and full load 
production for long periods of time. A continuous-type furnace 
may become a ‘‘white elephant’’ to a foundry if such a furnace 
must be operated with frequent shutdowns, or at partial produc- 
tion due to lack of uniform flow of production. 

3. In general, the selection of furnaces for typical foundries 
should be either one or more continuous-type furnaces, supple- 
mented by a batch-type furnace or possibly all batch-type furnaces 
for foundries of lower production. 

4. All of the types of electric furnaces discussed in this paper 


* Industrial Department, General] Electric Co. 
Note: This paper was presented at a Malleable Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 21, 1942. 
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are for use with a protective atmosphere, thereby eliminating the 
necessity of packing material. 


CONTINUOUS-TYPE ELECTRIC FURNACES 


5. Where the production warrants a continuous-type furnace, 
there are two types of furnaces to be considered, the roller-hearth 
furnace and the pusher-tray furnace. 

6. For both type furnaces, the castings to be annealed are 
loaded in alloy trays and these loaded trays are conveyed con- 
tinuously through the furnace. 

7. In the roller-hearth furnace, the loaded trays are moved con- 
tinuously through the furnace by means of a driven roll table. The 
furnace rolls extend through the furnace walls to self-aligning 
bearings and are driven by sprockets and chains. 

8. In a pusher-tray furnace, the loaded trays are intermittently 
moved one tray length at a time by means of a pusher mechanism. 
The loaded trays usually are supported in the furnace by means 
of roller rails made of cast alloy having metal-to-metal bearings 
or the rollers may be mounted on the bottom of the trays. 

9. Both of the continuous-type furnaces have their uses but 
in the majority of cases, the roller-hearth furnace has certain ad- 
vantages that warrant its selection over the pusher-tray furnace. 


Comparison of Roller-hearth and Pusher-tray Furnaces 


10. For the same production and annealing cycle, the first cost 
of the roller-hearth furnace is usually more than that of the pusher- 
tray furnace but this difference is partially offset by the lower first 
cost of the trays required for the roller-hearth furnace. The trays 
in the roller-hearth furnace can be made much lighter since they 
are required to support only the loads on the trays, while the tray 
in the pusher-tray furnace must be of sufficiently heavy design to 
take the push of the entire load, in addition to carrying its own 
load of castings. In general, the efficiency or economy of opera- 
tion (i.c., k.w.h. per net ton of castings annealed) is, if anything, 
slightly in favor of the roller-hearth furnace. 

11. Other advantages of the roller-hearth furnace as compared 
to the pusher-tray furnace are: Lower maintenance cost, particu- 
larly on the trays and roller rails, and the ease with which the 
furnace can be cleared of work when a shutdown is desired. In the 
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ELECTRIC FURNACE ANNEALING OF MALLEABLE IRON 


Fic. 2—ELectTric, ROLLER-HEARTH, ANNEALING FURNACE SHOWING CHARGING END AND 
TRAY-RETURN CONVEYOR. THIS FURNACE IS 62-IN. Wipe, 28-IN. HIGH AND 120 FT. LONG. 


case of a pusher-tray furnace, empty trays, and in ease of a long 
furnace, trays filled with serap load, must be loaded into the fur- 
nace to push out the good castings before shutting down. 

12. The roller-hearth furnace is limited as to its width, due to 
the strength of the rolls, but such a furnace can be made of any 
length. The pusher furnace is not limited in its width as several 
parallel rows of trays may be pushed through the furnace but such 
a furnace is limited in length as the longer the furnace, the greater 
the push that must be taken by the trays. 


OPERATION OF ROLLER-HEARTH FURNACES 


13. <A typical electric, roller-hearth furnace is shown in outline 
in Fig. 1 and an installation of such a furnace is shown in Figs. 2 
and 3. The furnace shown in Figs. 2 and 3 has an inside wall to 
wall width of 62-in. and overall length of approximately 129 ft. 
over loading and discharge tables. 


14. The castings are loaded in trays having overall dimensions 
of 27x27-in. and the net loading averages about 475 lb. net per 
tray. The production varies from 32 to 35 net tons per 24 hour day, 
depending on the loading per tray. The total annealing cycle is 
approximately 15 hours, as the iron being annealed is a high silicon 
iron. The energy consumption is approximately 267 k.w.h. per net 
ton of castings annealed. 
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rn. 


Sequence of Operations 


15. The sequence of operation of this roller-hearth furnace is 
as follows: Two loaded trays are placed in the loading position on 
the roll table in front of the furnace, there being two rows of trays 
in the width of the furnace. When the trays are in position, the 
operator raises the door to the entrance chamber of the furnace 
and pushes the two trays into the entrance chamber and closes the 
front door. When the trays in the main heating chamber have ad- 
vanced one tray length, thereby providing room for a charging of 
the new tray, then automatically, as controlled by limit switch, the 
door between the entrance chamber and the main heating chamber 
is automatically opened and the two trays in the entrance chamber 
are automatically rolled into the heating chamber and the door 
closes. 

16. As the trays near the discharge door of the cooling 
chamber, they contact a limit switch and automatically the door at 
the end of the cooling chamber is opened and a separate drive 
mechanism picks up to overdrive the last few rolls in the cooling 
chamber and rolls the last tray in each row out into the discharge 
chamber quickly. There the trays are stopped and the door at the 
end of the cooling chamber is closed. The operator then opens 
the door of the discharge chamber and pulls out the trays on the 
discharge table or the trays may be automatically discharged. With 


Fic. 3—Same Furnace as Fic. 2, SHowrnc DiscHarce EN». 
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this scheme of operation, the furnace chamber proper is never 
opened to the outside atmosphere. 

17. When the tray has been emptied, the discharge table is 
pushed over in front of the return gravity roll table and the empty 
tray is pushed off onto this return roll table and thereby returned 
to the loading end of the furnace. Usually the castings are loaded 
while the trays are on the return gravity roll table and then the 
loaded tray is picked up by a monorail hoist and placed in loading 
position at the front of the furnace. 


Furnace Construction 

18. The length of the furnace is divided into four main sections. 
First, the high temperature section where the castings are heated 
to the required temperature, say 1750°F., and held at that tem- 
perature for the required number of hours. The second section is 
the fast-cool section where the castings are quickly cooled from 
the high temperature to the required low temperature portion of 
the cycle. 

19. This cooling is accomplished by cooling tubes located above 
and below the loaded trays. These tubes are made of heat-resisting 
alloy and extend through the walls of the furnace, one end of each 
tube being connected to a common header to which is connected 
a motor-driven blower. This blower forces air through the cooling 
tubes and the cooling is automatically controlled by means of a 
thermocouple operating in conjunction with the standard type of 
temperature control instrument and control panel which throws 
the motor blower on and off to control the cooling. 

20. The third section is the holding or slow-cool section of the 
low-temperature portion of the cycle. This usually is followed by 
another fast-cool section for cooling the castings to some lower tem- 
perature before they are discharged from the furnace. In this 
last fast-cool section, the cooling is normally accomplished by means 
of water-cooling tubes located in the top of the furnace. 


CONTINUOUS-TYPE GAS-ELECTRIC FURNACE 


21. For those locations where natural gas is available at low 
rate, a combination gas-electric, roller-hearth furnace is available. 
Such a furnace takes advantage of low-cost fuel to supply the bulk 
of the heat required for heating the cold castings in the beginning ; 
then takes advantage of the use of electric heat for the control of 
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the holding and slow cooling portions of the annealing cycles. 

22. Such a furnace is shown in outline in Fig. 4. This is the 
same construction as the all-electric furnace, except the entrance 
chamber now becomes a gas-heated chamber. 

23. The loaded trays are heated to approximately 1300 to 
1400°F. in this gas-heated chamber, then they are automatically 
transferred into the electrically-heated section. The burners are of 
the radiant type, located in the top of the furnace. The products 
of combustion are passed down through the charge. The air and 
gas are pre-mixed. Therefore, the gas is burned under controlled 
conditions. 

24. Table 1 shows the estimated energy required for various 
production and annealing cycles and for both the all-electric and 
the combination gas-electric furnaces. The data given in Table 1 
are the estimated economies of an all-electric and a gas-electric 
roller-hearth furnace. All estimates are based on a furnace having 
inside wall to wall dimensions of 62-in. and loading 475 Ib. net on 
trays 27x27-in., trays weighing 150 lb. each. 


Table 1 
ENERGY CONSUMPTION OF ALL-ELECTRIC AND Gas-ELECTRIC 
MALLEABLE ANNEALING FURNACES 


Gas-Electric, Per Net Ton 


Tons Total All-Electric, 
Furnace Production Annealing K.W.H. 
No. per 24hours Cycle, hours Per Net Ton K.W.H. Preheating, cu. ft. 


35 15 267 110 840 
25 15 290 128 865 
15 15 300 137 875 


1000 B.t.u. Gas for 


35 30 420 260 840 
25 30 440 280 865 
15 30 450 295 875 


25 45 520 360 865 
15 45 535 375 875 


BATCH-TYPE FURNACES 
25. There are several batch-type, electric furnaces, but one in 
particular has been used very successfully in annealing malleable 
iron. That is the elevator-type furnace. The elevator-type furnace 
is a car-type furnace where the charge is loaded on the car and 
then the charge is elevated into the furnace, the car being sealed 
with the bottom of the furnace. 
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Fic. 5—Heat Resisting ALLoY CONTAINER FOR MALLEABLE CASTINGS. INSIDE DIMENSIONS: 
244%4-IN. DIAMETER, 16%-IN. DEEP. 


26. Such a furnace has its steel casing welded gas-tight and 
the terminal bushings are provided with gas-tight stuffing boxes, 
thereby making an exceedingly tight furnace that requires little 


or no outside source of protective atmosphere. 

27. In such furnaces, the castings are loaded in light-weight 
containers. One design of such container, shown in Fig. 5, is round 
and made of an assembly of alloy castings. These containers may 
be stacked two or three high and, in that case, a suitable cast alloy 
grid support is provided between the containers. 

28. The loaded containers are placed on the raised alloy plat- 
form of the car which elevates the charge above the brickwork of 
the car to such a point that it permits uniform heating of the bot- 
tom of the charge. 


Types of Batch-type Furnaces 

29. The furnace may be of the single chamber type or there may 
be two separate chambers adjacent to each other, depending on 
the production and the annealing cycle required. 

30. For the annealing of the usual malleable iron and using 
a single chamber furnace, the entire cycle is carried out in the one 
chamber. This furnace is provided with auxiliary cooling equip- 
ment so as to cool down the charge in the furnace from the high 
temperature portion of the cycle to the lower portion of the cycle. 
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Elevator-type Furnaces 

31. The more economical layout is the use of two such furnaces, 
located adjacent to each other, where one of the furnaces is used 
for the high temperature portion of the cycle and the other chamber 
is used for the low temperature portion. 


32. In such an installation, at the completion of the leating 
and holding time in the high-temperature furnace, the charge is 
removed from that furnace and immediately placed in the low-tem- 
perature furnace where the charge then is cooled quickly by an 
auxiliary cooling system mounted in the roof of the low-tempera- 
ture furnace. This fast cooling is carried to a point that is desired 
and then the charge is held at the required temperature or slow- 
cooled for that low-temperature portion of the cycle. 

33. Figure 6 shows three furnaces of an installation of 8 eleva- 
tor-type furnaces used for the annealing of malleable iron. Some 
of these furnaces are used for the high temperature portion of the 
eyele and then, after the completion of that holding period, the 
charge is withdrawn from the furnace onto a transfer car, moved, 
and placed into one of the low-temperature furnaces. These eight 
furnaces have loading dimensions of 4 ft. wide; 12 ft. long and 
31% ft. high. The net weight of castings per charge varies from 4 
to 8 tons, depending on the castings. The iron being annealed has 
a silicon content of 0.90 to 1.00 percent and the annealing cycle 





Fic. 6— THREE OF AN INSTALLATION OF EIGHT ELEVATOR-TYPE, BATCH-TYPE, ELECTRIC, 
MALLEABLE ANNEALING FURNACES USsep FoR PropUCING SHORT-CYCLE MALLEABLE IRON 
CASTINGS. 
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Fic. 7—TypicaL Layout oF Two, ELEVATOR-TyPpe, ELecTRIC MALLEABLE ANNEALING 
FURNACES. 


varies from 36 to 42 hours, depending on the weight of charge. 
The average energy consumption is 400 k.w.h. per net ton. 

34. An installation of two furnaces, located side by side, is 
illustrated in the Fig. 7. It will be noted from this drawing that 
each furnace has its own motor-driven elevating mechanism and 
the low-temperature furnace is equipped with its auxiliary cooling 
system. An installation of two-chamber furnace equipment is shown 
in the Fig. 8. 

35. There are two of these installations at this one plant and 
each of the furnaces is suitable to take a car having loading plat- 
form of 5l-in. wide by 102-in. long with a loading height of ap- 
proximately 38-in. The car is loaded with a total of sixteen con- 
tainers, giving a net charge of 8,000 lb. of castings, and a gross 
charge of slightly more than 10,000 lb., including containers. 

36. In this particular installation, the analysis of the iron being 
annealed is as follows: Silicon, 1.30 to 1.35 percent; carbon, 2.30 
to 2.35 percent; and manganese, 0.38 percent. 


Annealing Cycle 


37. The annealing cycle is approximately as follows: The 
charge, as described above, is placed in the furnace with the fur- 
nace at approximately full temperature and this cold charge is 
brought to a temperature of approximately 1700°F. in 7 hours and 
then the charge is held at that temperature for a period of 5 hours, 
making a total of 12 hours’ time in the high-temperature furnace. 
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38. At the end of the 12-hour cycle, the hot charge is removed 
from the high-temperature furnace and immediately placed in 
the low-temperature chamber, where the temperature is auto- 
matically lowered to approximately 1400°F., requiring approxi- 
mately 5 hours’ total time to equalize the charge at 1400°F. The 
charge is then slow-cooled at the rate of approximately 20°F. per 
hour for the remaining portion of the time, or approximately 7 
hours, giving a total of 12 hours in the low-temperature chamber. 

39. This equalizing and cooling program is entirely automatic, 
as the equipment is provided with an adjustable program con- 
troller that throws the heat or the cooling system on and off as re- 
quired to accurately control the time-temperature cycle. 

40. The economy of operation on the above loading and pro- 
duction, based on an average of several hundred heats, is 300 k.w.h. 
per net ton of castings. 


FURNACES FOR PEARLITIC IRONS 


41. This type of equipment is also being used for the treatment 
of pearlitic iron. The cycle for the pearlitic iron in the high-tem- 
perature chamber is approximately the same as above, but the 





Fic. 8—INSTALLATION SHOWING Two, TW0-CHAMBER, ELEVATOR-TYPE, ELECTRIC MAL- 
LEABLE ANNEALING FuRNACES. THE CAR LOADING PLATFORM Is 51-IN. Wipg, 102-IN. LONG. 
AND LOADING HelcutT Is 38-IN. 
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charge is removed from the high-temperature chamber and is rapid- 
cooled outside of the furnace by means of suitable air blast. 
The castings are cooled to a temperature of 900 to 1000°F., and 
then placed in the low-temperature furnace for reheating to a 
higher temperature in the neighborhood of 1400°F. 
42. Such a furnace, as described, has a normal rating for the 
high-temperature furnace of approximately 250 k.w., and the low- 


temperature furnace is rated from 100 to 150 k.w., depending on 


the eyele desired. 

43. The data given in Table 2 are the estimated economies of a 
two-chamber, electric furnace installation, one furnace being used 
for the high-temperature portion of the cycle and the other for 
the low-temperature portion. The data also are based on furnaces 
with a ear-loading platform 51-in. wide, 102-in. long, loading height 
38-in., net charge 8,000 lb., loaded in 16 containers. 


Table 2 
ENERGY CONSUMPTION ON Two-CHAMBER, ELECTRIC FURNACE 
INSTALLATION 


Annealing Cycle 
Hours Held at K.W.H. 
Charge Hours Held 1300-1400°F. or Total Charges per per 
Number at 1750°F. Slow-cooled Cycle, Hours 24-hr. Day Net Ton 


5 6 24 2.00 300 
10 10 34 1.41 350 
15 15 44 1.09 410 


For those foundries with smaller production, as well as for 
larger foundries desiring increased flexibility of annealing equip- 
ment, this type of furnace warrants serious consideration. By use 
of the two-chamber furnace, the economy of operation approaches 
that of continuous-type of furnace. 


SoME ADVANTAGES OF ELECTRIC MALLEABLE ANNEALING FURNACES 


45. By the use of the modern-type, electric furnace for anneal- 
ing malleable iron castings, the heavy cast pots and packing mate- 
rials are eliminated. This not only shortens the time for annealing 
and greatly reduces the weight of material to heat, but also decreases 
the cost of containers required, eliminates the cost of the packing 
material and greatly decreases the labor required for loading and 
unloading of the furnace and castings, as well as providing better 
working conditions. 
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46. The shorter annealing time makes possible shorter ship- 
ments and less inventory. The saving in floor space, due to the 
shorter annealing time will be 50 percent or more. 

47. In an electric furnace, the heating units can be located 
where desired, and in the amount desired, thereby providing ac- 
curate temperature control and uniform temperature distribution 
This distribution of heat in an electric furnace remains constant, 
therefore, making it possible to duplicate results with a minimum 
of attendance, and insuring uniform quality of annealing day in 


and day out. 


(Discussion for entire Symposium will be found on pages 133- 


148, inclusive. ) 
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Graphitization Symposium—VII 


Graphitization of Arrested Anneal Malleable Iron 


By D. P. Forses*, Rockrorp, IL. 


Abstract 


Two processes are used commercially for the produc- 
tion of arrested anneal malleable iron. The first method 
consists of completing the anneal with the retained com- 
bined carbon by a suitable time-temperature cycle. The 
second method follows a procedure of completely anneal- 
ing the castings so that practically no combined carbon 
remains in the matrix and then reheating the castings to 
a predetermined temperature so that the temper carbon 
goes back into solution in the matrix. The author dis- 
cusses both of these methods in detail, including the 
metallurgical changes occurring in the iron during the 
annealing by these two methods. 

1. The principles for graphitization in normal malleable iron 
hold true for pearlitic malleable iron, bearing in mind that in the 
final product a certain percentage of the total carbon must be 
present in the combined form. This type of material has been called 
by several different names, all of which refer to the same class of 


‘ 


‘arrested anneal malle- 
1** ?? 


materials. The more common names are 


able’’, ‘‘pearlitic malleable’’, and ‘‘ graphitic stee Because no 


one term has been entirely satisfactory and because the physical 
properties of the various materials are not identical, individual 
manufacturers have been inclined to use trade names for their par- 
ticular products. Examples of such names are Promal, ArMa Steel, 
Z-Metal, to mention only a few. 


2. Pearlitic malleable is defined’ as ‘‘any material which starts 
out as white cast iron and is subsequently heat treated to produce 

* President, Gunite Foundries Corp. 

** Not to be confused with graphitizable steel which is an entirely different material. 

1 “Symposium on Pearlitic Malleable Cast Iron’’ held at a meeting sponsored jointly 
by A. F. A. and the Cleveland District Committee, American Society for Testing Mate- 
rials, Cleveland, Ohio, Jan. 27, 1936. 

Note: This paper was presented at a Malleable Session of the 46th Annual A.F.A. 
Convention, O., April 21, 1942. 
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graphitization . . . if the graphitization be purposely terminated 
when sufficient combined carbon remains to significantly affect the 
properties of the product. The combined carbon usually is present 
as pearlite, although it frequently may be present as sorbite or 
might be martensitic or some other form of decomposition product 
of austenite.”’ 

3. While it is entirely proper to consider any partly graphitized 
white iron as pearlitic malleable, there has as yet been no important 
commercial use of iron of the type in which any of the original mas- 
sive cementite present in the white iron is permitted to remain in 
the finished product. Therefore, in this paper, there will be no dis- 
cussion of the methods of producing, or of the physical properties 
of, a material of this nature. 

4. Considering, therefore, only the type of material in which 
the massive cementite has been eliminated in the first stage of an- 
nealing, the subject then becomes one of incomplete graphitization 
of the combined carbon present in austenite and pearlite, which 
makes up the matrix of the metal. 

5. First stage annealing having gone to completion, and disre- 
garding the carbon which may have been lost due to decarburiza- 
tion, we then have present in the metal, graphite in the form of 
temper carbon to an amount equal to the mathematical difference 
between the total carbon and the combined carbon retained in aus- 
tenite or pearlite at the end of the first stage of annealing. 


Commercial Processes 

6. Commercial processes for obtaining a final metal with com- 
bined carbon in the matrix may be broadly divided into two meth- 
ods: The first method consists in completing the anneal with re- 
tained combined carbon by a suitable time and temperature cycle, 
which constitutes ‘‘arrested anneal’’ in the strictest sense. The sec- 
ond method follows a procedure of completely annealing the cast- 
ings so that practically no combined carbon remains in the matrix, 
which is then reheated to a point above the A,, line so that temper 
earbon goes back into solution in the matrix. This combined ear- 
bon is retained in the matrix by quenching in a liquid or by cooling 
with a time-temperature cycle designed to retain the desired per- 
centage of combined carbon and to result in the desired microstruc- 
ture. This may be accomplished as a continuous cycle or may re- 
quire subsequent heat treatment. 
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7. Commercial methods also vary with the analysis of the white 
iron under treatment. Under some circumstances, it is beneficial 
to add an alloy for the purpose of slowing up graphitization during 
second stage annealing. The use of such alloys forms a modification 
of the two general methods previously mentioned and this will be 


discussed later. 


GRAPHITIZATION BY ARRESTED ANNEAL 


8. Starting at the point in the anneal when decomposition of 
massive cementite has been completed, the metal consists of temper 
carbon nodules more or less uniformly distributed throughout a 
matrix of austenite. The austenite crystals may not be completely 
homogeneous and, for any given temperature, may vary in carbon 
content from the maximum saturation, as determined by 
the A.» line of the metastable iron-carbon diagram, to the satura- 
tion shown by the A,, line of the stable diagram. This is due to 
the fact that the austenite-cementite interface was controlled by 
metastable conditions, whereas the austenite-graphite interface was 
controlled by stable conditions. However, any commercial anneal- 
ing ecyele would probably allow a factor of safety of time at the 
first stage temperature to permit migration in the austenite to reach 
approximate stability. 

9. If such a metal at a temperature of, say 1700°F., were rapid- 
ly lowered in temperature by quenching or air cooling, sufficient 
time would not elapse to allow the combined carbon content of the 
austenite crystals to reduce to the point of balance with the A,, line 
of the stable diagram. In fact, the combined carbon content might 
even be in excess of that which can be retained in solution in aus- 
tenite under metastable eonditions. Under such a condition, eement- 
ite might be rejected to the grain boundaries as is the case with 
hyper-eutectoid steel. There is evidence that such cementite forma- 
tion is formed by cooling from 1700°F. to the critical temperature 
in a moderate period of time, say at the rate of 500°F. per hour. 
To avoid such a rejection of cementite to the austenite grain 
boundaries, the metal should either be cooled slowly enough above 
the critical range so that the excess of combined carbon will migrate 
to and be converted into temper carbon, or else the metal should be 
so drastically quenched that the super-saturated austenite would 
be converted into martensite within a matter of a few seconds. 


10. The danger of the formation of grain boundary cementite 
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Fic. 1—EXAMPLE OF ARRESTED ANNEAL MALLEABLE WITH PEARLITIC MATRIX. TRACE OF 
FERRITE ADJACENT TO TEMPER CARBON NopvuLR. ETCHED. MAGNIFICATION, x500. (COURTESY, 
NATIONAL MALLEABLE & STEEL CASTINGS Co.) 


is not serious in most commercial operations if the furnace charge 
is reduced in temperature at a rate which will not permit such a 
formation; for example, from 1700°F. the furnace charge could 
be reduced to 1450°F. in a period of approximately 2 hours, which 
experience has indicated will prevent the grain boundary forma- 
tion. 

11. ‘The temperature interval between the stable and metastable 
critical temperatures brings into play reaction rates of a highly 
complicated nature. For practical purposes, however, in consider- 
ing pearlitic malleable, this interval may be disregarded because 
every effort is made to pass through the critical range rather quick- 
ly, instead of slowly, as would be the case if completely graphitized 
malleable were desired. Therefore, for the purposes of this paper, 
this interval is disregarded. 


Control of Combined Carbon 

12. If the metal passes through the critical temperature range 
with moderate rapidity, the combined carbon content of the matrix 
is determined by the A,, line of the stable diagram and the tem- 
perature from which the metal was quenched or rapidly cooled. 
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13. This percentage of combined carbon in the matrix is not 
stable at temperatures just below the critical range and will tend 
to graphitize in accordance with the principles of graphitization 
applying to normal malleable iron. If, therefore, a large percentage 
of combined carbon in the matrix is desired, the metal should not 
be permitted to remain at sub-critical graphitizing temperatures 
for any substantial period of time. 

14. Conversely, if a low percentage of combined carbon is de- 
sired, sub-critical graphitization should be permitted to proceed by 
the desired amount. This graphitization proceeds quite rapidly 
just below the critical range. As a consequence, time is saved if 
the temperature of this stage of the heat treatment is not permitted 
to be held too far below the critical range. 


Effect of Cooling Rate Through Critical 
Temperature on Structure 

15. <Austenite, in castings of this type, apparently decomposes 
into its decomposition products in much the same manner as aus- 
tenite of the same analysis in steel. The presence of temper carbon 
in the pearlitic malleable seems to produce only the effect of decar- 
burizing the metallic grains adjacent to it. 

16. The austenite of the pearlitic malleable, therefore, if pass- 
ing through the critical range drastically, as by means of a liquid 
quench, will result in a martensitic matrix, and if rapidly cooled, 
as by cooling in air at the rate of say 400°F. per hour, will form 
fine pearlite or sorbite. Slower cooling will result in coarse pearlite. 
with the presence of some ferrite, because of decarburization 
adjacent to the temper carbon grains (See Fig. 1). 

17. Conceivably, particularly in the presence of alloys, the 
austenite could be reduced to room temperature without decom- 
position, resulting in an austenitic iron which would still probably 
fall into the pearlitic malleable classification. Materials of this type 
have been produced in which the matrix was preponderantly aus- 
tenitic; the metal was practically non-magnetic, was very soft in 
the as-quenched condition, and at the same time almost unma- 
chineable because of its tendency toward work-hardening. The 
properties apparently were similar to those of austenitic manganese 
steel. 

18. It is seen, therefore, that below the critical temperature a 
matrix may be formed with a combined carbon content ranging 
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from the eutectoid composition (or even higher) down to a matrix 
practically carbon-free. Furthermore, the combined carbon can 
be in the form of austenite or any of its decomposition products. 
These decomposition products can be further heat treated to de- 


velop special properties or structure, just as steels can be heat 


treated. For example, a martensitic matrix (See Fig. 2) can be 
tempered to any degree of hardness, or a pearlitic matrix can be 
spheroidized (See Fig. 3). It must be borne in mind, however, 
that the presence of temper carbon nodules exerts a powerful de- 
carburizing influence on the matrix. This is so marked that in 
spheroidizing a pearlitic matrix the combined carbon may largely 
disappear before the spheroids have an opportunity to form com- 
pletely. 

19. Recent work on the ‘‘austenizing’’ of partly-graphitized 
white iron at constant sub-critical temperatures indicates that the 
metal behaves in the same manner as steel containing no graphite. 
The metal, presumably because of its high silicon content, reacts 
slowly and therefore can be classed as a deep hardening material. 
Substantial shortening of the annealing cycle is a possibility as a 
result of this work. 


Fic. 2—EXAMPLE OF ARRESTED ANNEAL MALLEABLE IRON WITH MARTENSITIC MATRIX. 
DarRK CONSTITUENT Is TEMPER CARBON. ETCHED. MAGNIFICATION, x400. (COURTESY, 
NATIONAL MALLEABLE & STEEL CASTINGS Co.) 
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Fic. 3—EXAMPLE OF ARKESTED ANNEAL MALLEABLE IRON IN WHICH THE COMBINED CAR- 
BON IN tHE Matrix Has Been SPHEROIDIZED. MANGANESE IS PRESENT TO RETARD 
GRAPHITIZATION. ETCHED. MAGNIFICATION, x500. 


Graphitization by Second Method 

20. The process of retaining combined carbon in the matrix by 
the first method, as just described, involves a close control of the 
time and temperature relationship toward the end of the annealing 
cycle. The alternate method follows the procedure of first produc- 
ing completely graphitized iron. The iron is subsequently reheated 
(usually in a separate furnace) to a temperature above the critical 
range. The ferrite of the matrix probably does not change to 
gamma iron when the metastable critical temperature is passed, 
but when the stable critical temperature is reached temper carbon 
begins to redissolve, which permits the formation of austenite. 

21. The mechanism of recarburization of austenite on reheat- 
ing differs from the decarburization of austenite when cooling. 
Photomicrographs of malleable iron heated above the stable critical 
temperature show combined carbon at the grain boundaries of 
what was formerly ferrite and it seems that this combined carbon 
migrates along the grain boundaries rapidly because it promptly 
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forms a network pattern throughout the matrix (See Fig. 4). The 


photomicrographs, being made from quenched specimens, show the 


combined carbon in the form of martensite which indicates that the 
grain boundaries and the margins of the grains were austenitic 
As time passes, the carbon diffuses into the grains from the grain 
boundaries until the entire matrix contains combined carbon up to 
the saturation point indicated by the A,, line of the stable diagram. 
The higher the temperature to which the metal is heated, the faster 
does the combined carbon diffuse into the grains and the higher 
is the percentage which will saturate the metal. This recombina- 
tion of carbon from temper carbon is extremely rapid, particularly 
at high temperatures, and is utilized in flame and induction harden- 
ing of malleable parts, where the heating cycle is limited to a few 
seconds only. 

22. Providing the metal, in the second method, is heated to a 
uniform temperature and held for a sufficient period of time to 
produce equilibrium, it will be substantially the same as the metal 
produced by the first method of treatment, which has been cooled 
to the same temperature and allowed to attain equilibrium. Conse- 


Fic. 4—EXAMPLE OF ARRESTED ANNEAL MALLEABLE IRON WITH MATRIX OF FERRITE. NET- 

WORK STRUCTURE OF COMBINED CARBON AT GRAIN BOUNDARIES Is Dug TO RE-SOLUTION 

FROM TEMPER CARBON. ETCHED. MAGNIFICATION, x100. (CourTESY, NATIONAL MALLEABLE 
& Steet Castincs Co.) 
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quently, the quenching, air cooling, or slow cooling discussed in 
the first method applies with equal foree to the second method 
after equilibrium is attained. It should be pointed out, however, 
that where equilibrium at a temperature just above the critical 
is necessary in the first method to avoid grain boundary cementite 
and lack of uniformity of the matrix, by the same token, failure to 
attain equilibrium above the critical in the second method will re- 
sult in the formation of grains which are high in combined carbon 
at the boundaries and low in combined carbon at the center. This 
condition of non-uniformity may be detrimental or beneficial, de- 
pending upon the characteristics of matrix desired. 


Use or AtLoys AFFECTING GRAPHITIZATION 


23. The foregoing discussion of the two principal methods by 
which pearlitic malleable is produced, applies in general to all 
analyses of white iron which are capable of graphitization. Alloy- 
ing elements affect graphitization in different ways. All alloys have 
an influence on the position of the lines of the stable and metastable 
iron-carbon diagrams and will, therefore, influence the tempera- 
tures of the stable and metastable critical temperatures and also 
the percentage of combined carbon which can be retained in aus- 
tenite, as shown by the Ag, line of the stable diagram. 


24. But in addition to affecting the position of the lines in 
these diagrams, alloys may also have a profound influence on the 
rates of solution, migration, and precipitation of the carbon from 
chemical combination in cementite to solid solution in austenite to 
precipitation in temper carbon. Some elements, of which chromium 
is a typical example, act powerfully to restrain decomposition of 
massive cementite and formation of graphite during first stage 
annealing. 

25. Other alloys, of which manganese is typical (and, when 
manganese is referred to, the amount of manganese in combination 
with sulphur probably should be disregarded) have relatively little 
effect on the rate of decomposition of massive cementite but do 
have an important effect on the elimination of combined carbon 
from austenite and its decomposition products during second stage 
annealing. 

26. Still other alloys, of which silicon is a typical example, act 
to accelerate graphitizing rates in both stages of annealing. A re- 
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duction of silicon, therefore, promotes the retention of combined 
earbon in the final product. 

27. In considering the effect of alloys on graphitization, it must 
be remembered that the effect is only apparent if the heat treating 
eycle is not altered, or to put the statement another way, complete- 
ly graphitized malleable iron can be produced in the presence of 
alloys, providing the heat treating cycle is prolonged or altered 
in some other way to allow for the effect of the alloy on graphitiz- 
ing behavior. 


Objects in Use of Alloys 

28. In commercial practice, the alloys used in production of 
pearlitic malleable serve one or more of three objects. One object 
is to permit metal of normal malleable analysis and alloyed metal 
to be heat treated side by side, using a normal malleableizing cycle 
which would produce normal malleable iron from the unalloyed 
material and pearlitic malleable from the alloyed material. In 
commercial operations where only a limited amount of production 
is in the form of pearlitic malleable, this procedure has obvious ad- 
vantages. 

29. Another reason for using alloys is to prevent complete 
graphitization of combined carbon where a heat treatment is neces- 
sary to develop a specific structure which requires exposure for a 
considerable period of time to temperatures where graphitization 
can also proceed. A matrix of spheroidized pearlite results in a 
considerable increase in ductility in pearlitic malleable. Alloys 
(usually manganese) prevent graphitization from going to com- 
pletion at the temperatures best suited for spheroidization. 

30. Alloys to retard graphitization serve a third important pur- 
pose, namely, to promote uniformity of product. The graphitiza- 
tion of white iron is influenced by many factors which may vary 
from heat to heat, or even between castings of one metal thickness 
and those of another, produced in the same heat. By introducing 
a graphitization retardant, the influence of the other graphitization 
factors becomes relatively less important and, although a little 
additional time may be required to accomplish a certain result, the 
gain in uniformity of product is the more important consideration. 


GENERAL COMMENTS 


31. Pearlitic malleable iron, if properly produced, is a metal 
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ombining factors of high strength and resistance to wear, for which 
some sacrifice has been made in machineability and ductility, as 
compared to normal malleable iron. It must be borne in mind that, 
to be of commercial value, the material must be uniform in prop- 
erties from day to day and month to month. Haphazard produc- 
tion of this material by those not qualified technically, or not 
having proper equipment, is worse than no production at all. Such 
which 


9? 


material is little better than the ‘‘under-annealed malleable 
has plagued malleable foundries every time something went wrong 
with the metal or the anneal. 


Commercial Importance 

32. The potential markets for pearlitic malleable have still not 
been completely explored, although new applications are being 
found almost daily. Pearlitic malleable will probably compete for 
business with normal malleable iron, steel castings, forgings, and. 
to a limited extent, stampings and non-ferrous metals. 

33. When engineers are acquainted with the high physical prop- 
erties of pearlitic malleables, they can quickly determine the ex- 
tent to which this type of material can produce a better or less ex- 
pensive part; and pearlitic malleable will find its sphere in the 
family of metals. 


Physical Properties 

34. The physical properties of this type of material are de- 
pendent primarily on the amount of combined carbon in the final 
product, and the form in which the combined carbon exists in the 
matrix. This, of course, is also true of steels of various carbon con- 
tents. Such a relationship is to be expected because pearlitic malle- 
able consists of a steel matrix in which are embedded nodules of 
temper carbon. The elements, other than carbon, are less important 
in affecting physical properties than they are as a means of obtain- 
ing the desired final combined carbon structure. Here again the 
analogy to steel is close. 

35. Pearlitic malleable being still in its infancy, standardization 
has not proceeded far enough to establish any standard specifica- 
tions. Each producer makes the type of metal for which his equip- 
ment is best suited and which serves the needs of his market best. 


36. There is enough similarity, however, between the grades 
of metal produced by different foundries to justify designation of 
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Table 1 
PROPERTIES OF COMMERCIAL PEARLITIC MALLEABLE 
Tensile Yield Elongation Brinell 
Strength, Point, in 2-in., Hardness 
Material lb. per sq.in. Ib. per sq. in. percent Number 
Z—Metal 70— 90,000 48-—60,000 18.0— 8.0 155-255 
Gunite K 97,000 75,000 4.0 227 
Mallix 78,000 6.0 
ArMa Steel 80—108,000 50-95,000 5.0— 1.5 187-285 
Promal 70— 75,000 50—55,000 14.0-10.0 170-190 
Belmalloy 70— 80,000 45—50,000 10.0— 5.0 179-207 
Perduro 91,000 72,500 6.0 187-217 
Meehanite 45—120,000 30-80,000 15.0— 1.0 140-350 
Cu-high Mn 60— 80,000 45—60,000 9.0— 5.0 210 
Ni-Cr Alloy 62— 85,000 42-—70,000 24.0— 5.0 130-250 
High Silicon 55-115,000 41—-80,000 15.0— 4.0 150-260 





two or three standard types of material at the present time and it 
would be beneficial if action were taken in this direction in the near 
future. 


General Properties 

37. The most complete tabulation of physical properties pub- 
lished to date is to be found in C. H. Lorig’s paper, ‘‘ Properties 
of Commercial Pearlitie Malleable Iron.’’ Table 1 is condensed 
from this paper. 


Heat TREATING EQUIPMENT 


38. The heat treatment to which the iron is subjected during 
processing can be performed in a number of different types of heat 
treating furnaces. Choice of the type of furnace must take into 
consideration the daily tonnage to be heat treated, the type of heat 
treatment, and the funds available for investment. Furnace equip- 
ment can be divided into two principal types: viz., batch type 
and continuous type. 

39. In the batch-type furnace, an entire charge is carried 
through the heat treating cycle as a unit. In the continuous-type 
furnace, castings enter the furnace at intervals, being conveyed 
from one temperature zone to another, in accordance with the time- 
temperature cycle desired. 


40. In the batch-type process, two or more separate heating 
chambers may be employed, to avoid the necessity of alternately 
raising and lowering the temperature of a single compartment. 
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or example, a charge of castings may be placed in one chamber, 
heated to the first stage graphitizing temperature and held until the 
first stage of annealing is completed. Instead of permitting the 
temperature of the furnace to drop, which because of insulation 
would probably require considerable time, the charge may be with- 
drawn from the furnace and allowed to cool below the critical tem- 
perature in air. The charge can then be placed in a second chamber 
already preheated to the temperature of second stage annealing, 
which would permit the insertion of a fresh charge of castings in 
the high temperature compartment. In certain cases, three cham- 
bers might be used to advantage, the first chamber serving to raise 
the temperature up to the graphitizing temperature, the second 
chamber being used for first stage annealing, and the third chamber 
being used for second stage annealing. 

41. The continuous type of furnace usually is provided with a 
conveyor which moves the castings progressively through various 
heating and cooling zones. Such a furnace for large production 
would be of considerable length. It is usual to have the hearth wide 
and to spread or pack the castings into a relatively thin layer. The 
height of the highest point of the charge above the level of the mov- 
ing hearth rarely exceeds 18-in. Such furnaces are usually designed 
for a specific time and temperature cycle, with the heating elements 
arranged in such a way that adequate heat input is available to 
provide accurate temperature control. The burners or heating 
elements in each zone are controlled by individual pyrometers so 
that every casting passing throngh the furnace is subjected to the 
same time and temperature cycle, irrespective of varying load 
density. 

42. Castings are customarily placed in open containers or trays 
without packing material of any kind. To avoid scale and decar- 
burization, it is therefore necessary to prevent contact of the prod- 
ucts of combustion with the castings. Furnaces for producing this 
type of material are almost exclusively heated either by radiant 
tubes or by electrical heating elements. Both types of equipment 
are widely used and economic conditions dictate the choice of one 
or the other. 

43. Most furnaces have provisions for controlling the atmos- 
phere surrounding the castings. The continuous type of furnace 
consequently requires gas tight vestibules to prevent loss of at- 
mosphere. 
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44. Using the batch operation in a gas-tight furnace, the re- 
quirement for a protective atmosphere can sometimes be avoided. 
There is a considerable quantity of protective atmosphere auto- 
matically generated by the reaction between the carbon in the white 
iron castings and the initial air in the furnace. This atmosphere 
is usually sufficient to prevent all but superficial decarburization 
and sealing. 

45. Where the time-temperature cycle calls for a rapid cool 
between the first and second annealing temperatures, continuous 
type furnaces can be provided with cooling coils handling air or 
water. The same type of cooling zone may also be provided at the 
end of the heat treating cycle to reduce the temperature of the 
castings so that they can be handled at the discharge end of the 
furnace*. 

46. Certain time-temperature cycles may require a_ liquid 
quench, usually in oil, following a treatment in the graphitizing 
range. The quenching tank may be located at the discharge end 
of a continuous furnace or an entire charge may be quenched from 
a batch-type furnace. Where a liquid quench is used, a subsequent 
heat treatment is usually necessary and this heat treatment car 
be performed in either a continuous or batch-type furnace. 


47. The choice between a batch-type or a continuous-type in- 
stallation depends principally upon the requirements of the manu- 
facturer. If his production is relatively steady, without variation 
in analysis, the continuous-type process has advantages. On the 
other hand, where operations may be intermittent or where the 
furnace equipment must handle different analyses or variations 
in the time-temperature cycle, the batch-type furnace will be found 


somewhat more flexible. 

48. It must be emphasized that material of this type must be 
heat treated in furnaces capable of accurate temperature control. 
The uniformity of product can only be obtained by properly 
designed and controlled equipment. 


(Discussion for entire Symposium will be found on pages 133- 
148, inclusive. ) 


bd See also ‘“‘Electric Furnace Annealing,”’ by R. M. Cherry, Page 67. 
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Atmospheres and the Annealing of Malleable Iron 


By R. J. Cowan*, ToLEepo, Onto 


Abstract 


In this paper, the uuthor elaborates on a paper pre- 
viously presented before the Association. He outlines the 
reasons behind atmosphere control in malleable annealiny 
furnaces and explains how the atmosphere must be bal- 
anced in order to influence the final product favorably. 
He discusses in detail the cuuses of pearlitic edges in 
malleable castings and the effect of packing materials. Of 
considerable interest is his discussion of causes of de- 
carburization during both the first and second stages of 
the annealing cycle. As machinability is one of the main 
properties of malleable iron, the influence of structure on 
that property by the atmosphere surrounding the mal- 
leable iron during the annealing cycle is discussed. The 
latter part of the paper is devoted to a description of the 
type furnace in which controlled atmospheres are used, 
along with diagrammatic sketches of units for preparing 
various types of controlled atmospheres. 


1. In a previous paper before the American Foundrymen’s As- 
sociation, the writer, along with E. G. deCoriolis, presented a dis- 
cussion of the fundamental principles underlying the use of special 
atmospheres for annealing American malleable cast iron. The 
present paper is an elaboration of the preceding one with a view 
to clarifying certain aspects of the matter. 

2. There are no unusual features of atmosphere control which 
apply to the malleable field alone, but only such as are being used 
daily in hundreds of installations for the heat treatment of ferrous 
metals. The principles thus applied, are used for the prevention 
of seale formation, to guard against decarburization during heat 
treatment, and for protecting metal surfaces from injurious attack 
© Surface Combustion Corp. 


Note: This paper was presented at a Malleable Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 21, 1942. 
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by the surrounding atmospheres in the heat treating processes 
Each of these matters is of interest and has a bearing on the sub- 
ject being considered. The malleable anneal, however, calls for a 
combining of various steps in the matter of atmosphere contro! 
which are not found in other procedures. 

3. It must be understood in the beginning that references in 
this paper to the malleable anneal have in mind the process of 
graphitization by heat treatment whereby the combined carbon of 
hard iron is converted into iron and temper graphite in the dis- 
tinctive forms found in the malleable iron of commerce. This ex- 
pression, ‘‘the anneal,’’ so used, has a meaning much different from 
that intended when other ‘‘annealing’’ processes are referred to in 
ordinary metallurgy that do not involve a chemical change within 
the metal. This use is well established in the trade and generally 
well understood, but it is best to guard against any misunderstand- 


oO 
ing. 


Various Structures in Malleableizing Process 
4. The manufacture of malleable cast iron covers a very broad 
field of ferrous metallurgy. As a rule, the carbon content of iron 


serves as a convenient indicator of the heat treatment necessary to 
produce the results desired. Thus, the steels are classified as low, 
medium or high carbon on the basis of their ‘‘combined carbon’’ 
contents. Each of the products named are to be found, at some 
stage of malleable manufacture, constituting the basic matrix of 
the partially annealed iron. Furthermore, the cast iron structures 
come into consideration in the matter of graphitic carbon forms. 
both in the hard and the annealed irons. 

5. The manufacturer of malleable iron must guard against 
primary graphite in the original hard iron to prevent its formation 
during annealing, thereby producing, instead of the desired prod- 
uct, a hybrid form of cast iron rather than of malleable. He also 
must conduct the annealing operation by using a type of tempera- 
ture cycle that will insure the absence of combined carbon in the 
matrix of the metal. It is evident that the manufacture of a com- 
mercial metal which covers so wide a range of structures, inter- 
mediate between the high carbon of the original hard iron and the 
final ferritic form of the annealed iron, must present problems 
also in the matter of atmospheres that surround this metal in the 
various stages of heat treatment. 

6. Obviously, a high carbon iron will require an atmosphere 
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for its protection that is very different from that required by a low 
carbon iron. The problems that arise in connection with this mat- 
ter have to do with the combinations of gases that are brought 
together at different stages to attain the varying objectives en- 
countered during the anneal. 


Atmospheres Required in Annealing Cycle 

7. A easual consideration of the matter will indicate, that at 
times during the anneal, there will be required an atmosphere that 
is highly carburizing in its effects on the metal, and at other stages, 
there will be times when such an atmosphere must be sedulously 
avoided. An atmosphere at equilibrium with a high carbon steel, 
such as that found in the metal matrix at certain stages of the an- 
neal, will not be in equilibrium with the matrix of ferrite (carbon- 
free iron) in the final product. Since the metal changes during 
annealing from a very high carbon one to one that is free from 
carbon (in the combined form), it would seem that these changes 
in metal composition should be followed by a corresponding change 
in the atmosphere to maintain a condition of chemical equilibrium 
at all times and thereby prevent reaction with the metal and ob- 
tain the full benefit of atmosphere control. 


Op 


Attempts have been made to meet this condition by produc- 
ing an atmosphere of constantly changing composition which would, 
at all times, be in chemical equilibrium with the metal in the sue- 
cessive stages of heat treatment. While it is possible to do this, 
it has not been fcund to be necessary. Furthermore, it requires a 
vigilance of operating control not usually considered to be within 
commercial brackets. Fortunately, there are certain broad re- 
quirements which, when observed, will insure a superior product; 
and these are well within the usual commercial operating ranges. 
The atmospheres referred to are easily prepared and readily ap- 
plied and, when used intelligently, produce results that in certain 
respects are superior to those obtainable by the more elaborate 
methods. 


Causes of ‘‘Pearlitic Edges’’ 

9. Before taking up the consideration of these special atmos- 
pheres in a more detailed form, it may be well, at this point, to give 
some attention to the matter of ‘‘ pearlitic edges’’ which have been 
such a prolific source of trouble to the industry, and which con- 
tinue to persist all too frequently in the usual type commercial 
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practice, in spite of the time and attention that have been given 
to the matter. The reference here is to the hard edge which forms 
as a ‘‘picture frame’’ or ‘‘shell’’ of white metal around a core 
structure that is fully black in appearance. It is believed that this 
structure is due very largely to the atmosphere which surrounds 
the metal during annealing. It must be remembered, even though 
the metal be surrounded by a packing material, it is still, in reality, 
encompassed by an atmosphere; and that this atmosphere affects 
the rate of annealing in a most important manner. 

10. To confirm this, it is only necessary to recall the care that 
is taken to insure the right condition of the packing material in 
every case where a shortened annealing time is being sought. 
An active packing gives results that are different from those ob- 
tained by using an inactive one. Many ‘‘pearlitie edges’’ are 
caused by an improper packing material coupled with an in- 
correct temperature cycle. This suggests a relationship between an- 
nealability and packing material, or more correctly, between the 
rate of annealing and the atmosphere that surrounds the metal 
during its heat treatment. 


Effect of Packing Materials 

11. When it is said that, ‘‘An active packing, with a given an- 
nealing cycle, will produce a greater depth of white edge than an 
inactive one’’ it serves to call our attention to a very important 
fact, and at once we are concerned with finding out why this should 
be so. Analyses of the packing materials indicate that the active 
ones contain ferric oxide, and that this increases in amount with 
the degree of activity. This recalls to memory the methods former- 
ly used for oxidizing artificially the materials used for packing—sal 
ammoniae, ete. 

12. When ferric oxide is heated in contact with high carbon 
iron, the oxygen which it contains in combination, reacts with the 
carbon of the iron to form carbon monoxide which is a combustible 
gas. Every one is familiar with the burning that occurs when 
gases from the annealing pots come into contact with the furnace 
atmosphere but few stop to reflect that these gases are coming in 
reality from the carbon of the metal by reaction with ferric oxide 
of the packing with iron carbide of the castings. This fact alone, 
which is so well known to all, serves as conclusive proof that de- 
carburization of the metal is a common occurrence in the usua! 
annealing procedures. 











er tae SEO aA enn 








R. J. COWAN 99 
Causes of Decarburization During First Stage of Annealing Cycle 

13. At this point, it would seem to be the logical thing to inquire 
as to the kind of effect decarburization has upon the metal being 
annealed. In direct reply to this query, it can be stated with con- 
fidence, that in the first stages of annealing, decarburization can 
serve no useful or beneficial purpose. On the contrary, it seems 
that the extent of this decarburization which occurs in ‘‘first stage’’ 
‘second stage’’ or 


or high temperature annealing will prolong the 
cooling range portion of the eyele. A brief consideration will show 
why this must be so. 

14. It is well known that a high carbon iron will anneal much 
more rapidly in ‘‘first stage’’ than a low carbon iron. That is to 
say, an iron containing 2.70 per cent carbon will anneal completely 
(first stage) in a very short time, but, if the iron contains only 
1.70 per cent carbon, it will require a hold of many hours to com- 
plete this stage of the anneal. If the heart of the casting contains 
2.70 per cent carbon while the edge of the same casting contains 
only 1.70 per cent carbon, which is the result of decarburization 
during the early stages of heat treatment, it is apparent that the 
edge metal cannot anneal at the same rate as the core metal, and 
that this condition will extend inwardly toward the core until a 
point is reached where the carbon content corresponds with the 
annealability limit of the temperature. If the metal be held at tem- 
perature for a time that is long enough to anneal the lowest car- 
bon that is produced by the amount of decarburization that has 
occurred, then the time required for ‘‘second stage’’ annealing 
will not be affected adversely. 

15. Asa rule this is not the case and the usual annealing cycles 
will not take care of a strongly decarburized iron. The degree of de- 
carburization in ‘these cases exceeds the time limit of the usual an- 
nealing eycles and consequently there is carried over into the 
‘second stage’’ an un-graphitized edge that will require a very 
long time in this stage to anneal completely. Since the usual ‘‘sec- 
ond stage’’ cycle is not sufficiently long to take care of this, there 
will be a ‘‘pearlitic edge’’ on the casting with all the attendant 
annoyances. 

16. These considerations prove abundantly that decarburiza- 
tion during the first part of the annealing cycle is a thing to be 
avoided as much as possible, since it always serves to extend the 
over-all annealing time, and always in direct relation to its ex- 
tent. This is a clue to the reason why a radical change of packing 
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material will always affect the annealing cycle unless this cycle 
be unduly prolonged. In practice, it is customary to develop a 
safe time limit that will take care of the ordinary variables that 
occur in annealing. In any effort to reduce the time required for 
annealing without any change of metal composition, it is neces- 
sary to watch very carefully, the matter of decarburization, since 
this always results in an extension of the annealing time required 
for first stage or second stage or both; and in either ease will be 
considerable. 


Decarburization During Second Stage of Annealing Cycle 

17. Thus far in the discussion, the matter of decarburization 
has been considered in connection with the early portions of the 
annealing cycle. At such times, the effect is always objectionable. 
The conditions that exist in ‘‘second stage’’ annealing, however, are 
not such as preclude the use of such a gas at this time. In fact, 
the indications are that a gas of this kind may be used to advan- 
tage during this portion of the anneal. There is before us then 
the interesting observation that in one part of the annealing cycle 
a decarburizing gas atmosphere may not be used while in another 
and succeeding portion of the same cycle it may be desirable. This 
matter will certainly warrant further consideration. 

18. At the completion of ‘‘first stage’’ annealing, the metal 
has a matrix that still retains a lot of carbon—being in this respect 
equivalent to a high carbon steel. Within this structure, graphitiza- 





Fic. 1—MALLEABLE ANNEALING FuRNACE EQUIPPED WITH ATMOSPHERE CONTROL. 
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Fic. 2—ScHEMATIC LAYOUT OF EQUIPMENT FOR GENERATING DX GaAs. 


tion is progressing, although the rate is decreasing as the tempera- 
ture is lowered, as it is in this stage of annealing. It is seldom the 
case in commercial practice that the iron at this point is uniform 
in carbon content throughout the entire structure from core to sur- 
face of the casting. It usually is found that the carbon is lower in 
the portions that are at or near the edges. This may be dealt with 
in one of two ways. 


19. In each case the carbon will be removed from combina- 
tion in the matrix, but in one case this removal will be by graphi- 
tization and in the other by oxidization. It is quite conceivable 
that carbon may be removed from the edge portions of the struc- 
ture in a more rapid manner by being oxidized from the surface 
than by being graphitized by prolonged annealing, such as is re- 
quired by low carbon areas of this kind, as has been shown. Cases 
are observed from time to time in commercial practice, where a 
decarburized edge on the annealed casting, consisting wholly of 
ferrite, overlays a pearlitic structure which disappears in the 
completely annealed core. The explanation of this seems to be 
that there has been, during ‘‘first stage,’’ a strongly decarburiz- 
ing action which has produced what, by ordinary annealing, would 
have been a deep pearlitic rim, but this rim has been removed by 
subsequent oxidization during ‘‘second stage’’ so that the remain- 
ing pearlite is deep-seated and probably objectionable from the 
standpoint of machinability for this very reason. 


20. These facts seem to suggest that it might be possible, by a 
certain amount of juggling, to find an atmosphere that would not 
be too strongly decarburizing during first stage and at the same 
time sufficiently decarburizing during second stage to remove from 
the metal surface the objectionable effects of the incomplete first 
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stage. These facts are probably the underlying fundamentals which 
determine many of the empirical methods that are used for anneal- 
ing and which have been arrived at by local plant experimenta- 
tion. It will be in order now to inquire as to whether this might 
not constitute good practice. 


Structure vs. Machinability in Malleable Iron 

21. In considering this matter, account must be taken of the 
problem of machinability, which is always a prime object in mal- 
leable iron manufacture. Experience has shown that a deep ferritic 
edge on castings tends to clog the cutting tool by building up on 
its edges and thereby causing the tool to burn and the metal to 
tear. A pearlitic edge is hard and tends to slow the machining rate. 
Each of these conditions should be avoided to produce an iron 
of maximum quality. 

22. On the other hand, if the edge portion of a malleable cast- 
ing could be made to machine as easily as the core portion, there 
would result an important improvement of the product that would 
be very desirable. Such a condition, where the temper carbon of 
the same form as that found in the core of the casting extends to 
the very edge structure thereby providing a natural graphitic 
lubricaut, serves to facilitate machining of the ferritic matrix. A 
product of this kind will certainly represent malleable iron at its 
best, and is a product well within the bounds of commercial 
feasibility. 

23. To produce a metal of these churacteristics, it is necessary 
to avoid all traces of decarburization during ‘‘first stage’’ anneal- 





Fic. 3—Scuematic Layout oF EQUIPMENT FOR MAKING PREPARED NITROGEN. 
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Fic. 4—-SCHEMATIC LAYOUT OF EQUIPMENT FOR MAKING CG GAs. 


ing. It is impossible to do this by the use of any kind of packing 
material. Even materials free from iron oxides will entrap suffi- 
cient air to remove carbon from the surface of the castings. The 
only way known to the writer in which this can be done is by the 
use of an atmosphere especially prepared for the purpose. 


24. This will consist of a gas, or mixture of gases, usually re- 


‘ 


ferred to as ‘‘earburizing.’’ This term is commonly used in the 
sense that is well known in the heat treatment of steel. In this 
sense, any gas, or mixture of gases, that has the power of adding 
earbon to a low carbon steel is ‘‘earburizing.’” As a rule, such 
a carburizing process will add to the steel an amount of carbon 
that will bring the total to a value of about 1.20 per cent. This is 
well below the carbon content of the usual hard iron from which 


malleable is made. 

25. To prevent decarburization of hard iron, an atmosphere 
must be used that is strongly carburizing in the steel sense. Un- 
diluted natural gas or other hydrocarbon gas is such an atmos- 
phere. Such gas has a strong tendency to carburize any of the fer- 
rous materials and is well adapted for this kind of use. It must 
be used, however, with an understanding of its characteristics 
to obtain the desired results and avoid the limitations inherent in 
its use. 


Changes Occurring During First Stage Graphitization 

26. Considering, as we are, the characteristics of the atmosphere 
surrounding the iron during the first stages of annealing, it is 
necessary to visualize as clearly as possible, the changes that are 
occurring progressively in the metal during the prolonged period 
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at this high temperature. After the iron has reached full tempera- 
ture, graphitization of the combined carbon proceeds rapidly so 
that, in a comparatively short time, the carbon of the matrix is very 
much reduced in amount. 

27. When this reaction goes on in the presence of an atmos- 
phere that is rich in hydrocarbons, there will come a time when it 
will cease to be protective only, in the sense of preventing the 
loss of carbon from the metal,-and will indeed begin to carburize 
the iron and particularly so when the carbon content of the matrix 
becomes so low as to allow such a reaction to go on. If such an 
atmosphere be maintained throughout the entire ‘‘first stage’’ an- 
nealing period, the surfaces of the castings will be found to have 
a sheath of carburized metal surrounding them of a form that is 
almost impossible to graphitize. This fact must be understood 
and recognized as an important limitation in the use of hydrocar- 
bons or similar gases as protective atmospheres. From a practical 
viewpoint, however, the matter is controlled very easily. Experi- 
ence has shown that if the flow of these gases be discontinued at 
a time when the metal has been at the maximum temperature for 
a period of about 2 hours, there will be no injurious effects from 
this reaction and this time will be sufficient to insure complete pro- 
tection against de@arburization. This will retain the original car- 
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Fic. 5—ScuemMatic LAYouT of EQUIPMENT FoR MAKING XO Gas. 
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Fic. 6—SCHEMATIC LAYOUT OF EQUIPMENT FOR MAKING CHAR-Mo Gas. 


bon content in the surface of the metal. 

28. When this is done, the time required for ‘‘first stage’’ is 
much reduced below the usual periods and there will result a metal 
that will respond much more readily to ‘‘second stage’’ annealing 
and the result will be an annealing time that is much below the 
usual standards for the manufacture of malleable iron of the usual! 
chemical specifications. The writer knows of no plant where these 
principles are being used to the fullest degree. A full utilization 
will improve the product, reduce annealing time, and overcome a 
number of the handicaps to which the material has been subject 
for a long time. 

29. The discussion of this subject has been carried on along 
the lines of well-known observations of a practical nature. It is 
hoped that bringing them together in this fashion may serve a use- 
ful purpose and aid in advancing the progress of this most interest- 
ing art. 


Gas Generation Equipment 
30. Fig. 1 shows a view of an industrial furnace that is used for 
annealing malleable iron in a special atmosphere. This is continuous 
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in type and heated by radiant tube elements that are gas-fired and 
extend across the furnace from side to side. They are fixed from 
both sides of the furnace. Vestibules at each end protect the atmos- 
phere during charging and discharging of the chamber. A special 
type carriage carries the load of castings and is arranged for 
suitable lubrication. Furnaces of this type are being operated in 
various places in accordance with local plant requirements. 

31. For the preparation of suitable atmospheres, a variety of 
generators may be used that provide uniform gases of particular 
character. These gases may be used alone or in combination with 
the usual commercial gases to produce the results desired. For 
convenience, a number of diagrammatic sketches are shown which 
portray the underlying principles of construction used for various 
types of gases. Fig. 2 shows the unit for the preparation of the 
so-called ‘‘DX’’ gas; Fig. 3, for prepared nitrogen; Fig. 4, for 
‘CG”’ gas; Fig. 5, for ‘*‘XO’’ gas; and Fig. 6, for ‘‘char-mo’’ gas. 
Table 1 gives the approximate composition of each of these gases. 

32. These gases have been found suitable for a wide variety of 
metallurgical operations. In compact form, they provide gases of 
constant composition that may be utilized by the manufacturer of 
malleable iron to good advantage in securing the benefits of atmos- 
phere control in the process of annealing. 

Table 1 
APPROXIMATE COMPOSITION OF SPECIAL ATMOSPHERES FOR 
MALLEABLE ANNEALING FURNACES 
Type of Prepared 


Atmosphere Gas Gas Constituents in Percent 
oO, CO: co H. CH, H,O N: 
DX gas, lean 0 10.5 1.5 1.2 0 0.8 86.0 
40°F. Dew Point 
DX gas, rich 0 5.0 10.5 12.5 0.5 0.8 70.7 


40°F. Dew Point 
Prepared ni- 


trogen gas 0 0 1.5 12 0 0 97.3 
CG gas 0 0.2 20.5 36.0 3.8 0.5 39.0 
Prod. at 1800°F. 
XO gas 0 0 20.7 38.7 0.8 0 39.8 
Charmo-gas 0 0 34.7 2.5 0 0 62.8 
Prod. at 2300°F. 
Dissociated 
ammonia 0 0 0 75 0 0 25 


(Discussion for entire Symposium will be found on pages 133- 
148, inclusive.) 
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Some Effects of Hydrogen on the Time of 
Malleabilization 


Loria* AND M. L. Samueus**, CoLumBus, OHTIo 


Abstract 


The paper summarizes the results of an experimental 
program undertaken in an effort to establish the influ- 
ence of hydrogen in iron of malleable composition. A 
number of melts of quick-malleable type were made in a 
gas-fired, pot furnace, employing the following methods 
for varying the hydrogen content of the iron, (1) melting 
in the conventional manner, (2) using melting stock which 
had previously been annealed at suitable temperatures to 
drive off dissolved and occluded hydrogen, and (3) bub- 
bling hydrogen through the melt before casting. The va- 
rious treatments caused no significant differences in re- 
sponse to conventional annealing practices. Small speci- 
mens from the melts were then given a preliminary, low 
temperature heat treatment, covering the range from 300 
to 1300°F ., for the purpose of driving out dissolved or 
occluded hydrogen. The holding times at low temperature 
varied from % to 8 hours. Subsequent malleableizing an- 
neals showed that considerable refinement of the temper 
carbon structure was effected by the low temperature 
treatment. The marked refinement in temper carbon 
structure, as a result of the low temperature pretreatment, 
was manifested in a greatly increased rate of malleabili- 
zation both in the first and second stages. The irons 
supersaturated with hydrogen were more responsive to 
the pretreatment than those produced in the usual manner. 


The malleabilization of white cast iron is not a simple process, 
for progress in malleabilization is influenced by many variables in 


composition and in the malleableizing cycle. 


* Supervising Metallurgist and ** Research Metallurgist. respectively, Battelle Me- 


morial Institute. 


NOTE: 


This paper was presented at a Malleable Session of the 46th Annual A.F.A. 


Convention, Cleveland, O., April 21, 1942. 
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2. The annealer knows that first-stage malleabilization pro- 
ceeds more rapidly as the maximum temperature of the cycle in- 
creases, and he takes advantage of this point by raising the tem- 
perature as high as possible without causing excessive losses from 
sagging of the castings and sealing of the annealing boxes. Second- 
stage graphitization, or pearlite decomposition, proceeds most rapid- 
ly when the castings are cooled at a rate just rapid enough to per- 
mit graphitization of the carbide as it is thrown out of solution. 
Throughout the cycle, close control of temperature. must be main- 
tained to produce an acceptable product at the most economical 


cost. 


3. The influence of these factors on the time required for mal- 
leabilization is well known in the art. There are other factors, 
however, which produce rather marked effects but are less pre- 
dictable; and, in many eases, the mechanisms by which they influ- 
ence the malleabilization process are not so thoroughly understood. 
The rate of heating to the annealing temperature is one example of 
these latter factors. Smith and Palmer’ and later Boegehold? have 
shown the importance of the speed of heating to the malleableizing 
temperature. Both investigations disclosed that heating commer- 
cial white irons slowly to the malleableizing temperature favored the 
formation of numerous small, closely-spaced temper carbon nodules, 
while rapid heating produced fewer particles but of a larger size. 
Heating the white irons rapidly to the malleableizing temperature 
was found also to decrease the rate at which the iron malleable- 
ized. This may be logically explained by the fact that the carbon 
in the matrix has to diffuse through a greater distance in order to 
reach, and to precipitate upon, the large, widely spaced nodules. 


4. Crafts® states that a preliminary treatment of the white iron 
at a temperature between 200° and 750°F., for some period of time. 
preferably greater than 10 hours, materially increases the rate at 
which subsequent graphitization takes place and favors the forma- 
tion of small temper carbon particles. The exact cause of the in- 
creased responsiveness is not known, but Crafts suggests that elim- 
ination of hydrogen from the iron may be at least partially re- 
sponsible. 


5. There is some evidence in the literature that moisture in con- 
tact with molten cast iron causes the formation of a more stable 
carbide and, hence, might influence the response to malleableizing. 








1 Superior numbers refer to bibliography at end of this paper. 
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Fic. 1—ANNEALING CYCLE FOR MALLEABILIZATION. 


The effect of moisture, in this respect, is usually ascribed to a high- 
er hydrogen content in the iron. An experimental program was 
undertaken in an effort to establish the influence of hydrogen in 
iron of malleable composition. The results, summarized by Lorig*, 
are presented in this paper. 


Errorts TO DETERMINE THE EFFECT OF VARYING AMOUNTS OF 
HYDROGEN IN THE MELT 


6. Rusty scrap in the melting stock and moisture in the cupola 
blast have been cited as possible sources of hydrogen and as the 
possible cause of variations in the temper carbon size of the re- 
sultant malleable iron; however, Schwartz and co-workers’ state 
that hydrogen does not affect the nodule number in malleable iron. 
To investigate this question, a number of melts were made in a gas- 
air pot furnace, employing the following methods for varying the 
hydrogen content of the iron: 

1. Melting in the conventional manner. 

2. Using melting stock which had previously been annealed 
at suitable temperatures to drive off dissolved and occluded 
hydrogen. 

3. Bubbling hydrogen through the melt before casting. 

7. The melts were of the quick-malleable type, containing ap- 
proximately 2.10 per cent carbon, 1.50 per cent silicon, 0.25 per cent 
manganese, 0.065 per cent sulphur, and 0.070 per cent phosphorus. 
The irons, made up as described, were subjected to a malleableizing 
eycle which was just sufficient to cause complete graphitization 
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for the compositions employed. A time-temperature curve repre- 
senting the annealing cycle is shown in Fig. 1. 

8. The various treatments caused no significant differences in 
response to annealing. These tests indicated either that hydrogen, 
within certain limits, had only a small effect upon the response to 
malleabilization or that the methods employed were not actually 
producing a difference in the hydrogen content of the final cast- 
ings. Consideration of Sieverts” diagram, Fig. 2, showing hydro- 
ven solubility in pure iron, indicated that, because of the marked 
increase in solubility at the melting point, all three types of melts 
probably reached equilibrium with the surrounding atmosphere 
before being poured and, hence, actually contained approximately 


the same hydrogen content. 


THe Errect of ReMovinG A PorTION OF THE HYDROGEN IN WHITE 
IRON CASTINGS ON MALLEABLEIZING TIME 


9. In addition to the information given by Sieverts, Schwartz 
and eco-workers® state that hydrogen can be expelled from white 
iron at temperatures below 750°F. Assuming, therefore, that the 
heats made up previously had reached equilibrium conditions dur- 
ing melting and that the final castings contained approximately 
the same hydrogen content, a series of experiments was planned in 
which the hydrogen was to be removed from the castings prior to 


malleableizing. 


Solubility ccs pet|O0 grams 





Temperature °C 


Fic. 2—Steverts’ DIAGRAM oF HypROGEN SOLUBILITY IN PURE IRON AT DIFFERENT TEM- 
PERATURES. 


Materials Used 
10. Irons completely saturated with hydrogen were produced 
by bubbling the gas through the molten iron, as shown in Fig. 3, 
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Fic. 3—GAS-FIRED, Pot FuRNACE WITH APPARATUS USED To INTRODUCE GASES INTO THE 
MOLTEN IRON. 


and casting immediately after the flow was stopped. For the pur- 
pose of comparison, another group of melts was made into which no 
hydrogen was introduced. Other irons were obtained from com- 
mercial sources in order that the effect of the treatment might be 
determined on materials not produced in the laboratory. 

11. The compositions of the malleable irons employed in this 
investigation are listed in Table 1. 


Low Temperature Treatments Prior to Malleableizing 
12. Small specimens (14-in. rounds) from all the laboratory 
melts listed in Table 1, including both hydrogen-treated and un- 


Table 1 


CHEMICAL ANALYSIS OF THE MALLEABLE [IRONS 


r-—— —— Composition, Per Cent ——-——. 

Car- Sili- Man- Sul- Phos- 
Identification bon con ganese phur phorus 
FM-13 2.05 1.41 0.29 0.068 0.071 
FM-18& 2.10 1.62 0.33 0.08 0.110 
FM-19 2.09 1.57 0.33 0.08 0.110 
FM-20 2.11 1.57 0.32 0.07 0.109 
FM-21 2.14 1.55 — ~- -- 
FM-17 (Hydrogen bubbled through melt) 1.88 1.62 0.32 0.067 0.076 
FM-23 (Hydrogen bubbled through melt) 2.04 1.46 0.25 0.08 0.118 
FM-24 (Hydrogen bubbled through melt) 1.98 1.42 — os — 
FM-26 (Hydrogen bubbled through melt) 2.13 1.52 0.32 — — 
FM-27 (Hydrogen bubbled through mcit) 2.18 1.60 0.34 — — 
Quick-Malleable Commercial 2.22 1.31 0.29 0.090 0.100 
Quick-Malleable Commercia! 2.10 1.55 0.25 -- — 
Standard Malleable Commercia! 2.50 1.00 0.30 — — 


Cupola Malleable Commercial 3.40 0.63 0.30 — -- 
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treated melts, were given preliminary heat treatments covering the 
range between 600° and 1300°F., at 100°F. intervals, for the pur- 
pose of driving out dissolved or occluded hydrogen. A series of 
holding times, varying over the range from 2 to 8 hours, inclusive, 
was employed. 


Fic. 5—Structure From Mett FM-17 (Hyprocen TREATED) MALLEABLEIZED WITHOUT ANY 
PRELIMINARY TREATMENT. MAGNIFICATION, x100. SAME SPECIMEN SHOWN IN Fic. 7, Top— 
Ricut, AT LOW MAGNIFICATION. 
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Fic. 6—STRUCTURE From Me_t FM-17 MALLEABLEIZED AFTER HAVING BEEN GIVEN A PRE- 
LIMINARY TREATMENT AT 600°F. For 8 Hrs. MAGNIFICATION, x100. Same SPECIMEN 
SHOWN IN Fic. 8, Top—RIGHT, aT LOW MAGNIFICATION. 


13. After the low temperature treatment, these specimens, along 
with corresponding ones which were in the as-cast condition, were 
given the malleableizing treatment shown in Fig. 1. The small 
specimens were packed in a single container to insure that all re- 
ceived exactly the same treatment. The apparatus used in these 
malleableizing treatments is shown in Fig. 4. 

14. The effect of the preliminary treatment upon the response 
of melt FM-17, Figs. 5 and 6, is typical of all the hydrogen treated 
irons. Figures 5 and 6, at 100 diameters, show detail; however, 
too small an area is covered to give fully representative views of 
the irons containing coarse graphite nodules. For comparing the 
different structures, photomicrographs at 20 diameters are shown 
in Figs. 7 and 8. 

15. A comparison of Figs. 7—top left and 8—top left shows 
that considerable refinement of the temper carbon structure has 
been effected by the 600°F. treatment of the straight remelt. The 
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Fic. 7—EFFECT OF MALLEABLEIZING TREATMENT ON QUICK-MALLEABLEIZING IRON IN THE 
As-Cast CONDITION WITH No PRELIMINARY HEAT TREATMENT. Top—LeEFtT, MELT FM-13, 
STRAIGHT ReMe_t. Top—Ricut, Me.tt FM-17, Hyprocen BussLeD THROUGH MELT. 
Me_t FM-23, Hyprocen-TreaTep Met. Bottrom—-RicHt, Me.t FM-24, 

COMPOSITIONS OF MELTS GIVEN IN TABLE 1 AND ANNEALING 
CycLe IN Fic. 1. MAGNIFICATION, x20. 


BottoM—LEeEPFT, 
HYDROGEN-TREATED MELT. 
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CS they ae 
Fic. 8—RESULTS OF SUBJRCTING SPECIMENS FROM SAME BARS AS Used IN Fic. 7 TO MAL- 
LEABLEIZING TREATMENT BUT SUBJECTING THE SPECIMENS TO A PRELIMINARY TREATMENT BY 
HOLDING THE SPECIMENS AT 600°F. For 8 Hrs. Top—Lert, Me.tt FM-13. Same MAL- 
LEABLEIZING TREATMENT AS IN Top, Lert, Fic. 7, EXCEPT FOR PRELIMINARY TREATMENT. 
Top—Ricut, Mett FM-17. SAME MALLEABLEIZING TREATMENT AS IN Fic. 7, Top, RIGHT. 
EXCEPT FOR PRELIMINARY TREATMENT. Bottom—Lert, Mett FM-23. SAME MALLEABLEIZ- 
ING TREATMENT AS IN Bottom, Lert, Fic. 7, EXCerT FOR PRELIMINARY TREATMENT. 
BoTTOM—RIGHT, MeLt FM-24. SAMe MALLEABLEIZING TREATMENT AS IN FIG. 7, Bottom, 
RIGHT, EXCerT FOR PRELIMINARY TREATMENT. COMPOSITION OF MELTS GIVEN IN TABLE 1 

AND ANNEALING CYCLE IN FIG. 1. MAGNIFICATION, x20. 
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hydrogen treated irons, however, show an even greater response 
to the preliminary treatment. 

16. The commercial, quick-malleable irons exhibited the same 
response as did the laboratory melts through which no hydrogen 
was passed. The preliminary low-temperature treatment produced 
some increase in the number of nodules when applied to standard 
malleable irons, but not to the same extent as in the case of the 
quick-malleable material. The cupola malleable, containing 3.40 
per cent carbon, showed the least response of all. 


Optimum Temperature Range and Holding Times for the 
Preliminary Heat Treatments 

17. Specimens representing regular and hydrogen treated irons, 
melts FM-21 and FM-26, were given preliminary heat treatments 
at 300°, 600°, 800°, and 1100°F. Holding times at these various 
vemperatures included intervals of 4%, 1, 144, 2, 4, and 8 hours. 
Other specimens from these same melts, but without any pretreat- 
ment, were included in the malleableizing anneal. Samples of all 
the specimens were prepared, after malleabilization, for metallo- 
graphic examination. 

18. A small band was drawn across the length of the ground 
glass of a metallographic camera and all the temper carbon nodules 
which fell within this band were counted. The number of spots on 
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Fic. 10—Errect oF Time AT DIFFERENT PREHEATING TEMPERATURES UPON THE TEMPER- 
CARBON NopuLe Size From A Me_ttT WuicH Hav Hyprocen BuBBLED THROUGH IT BEFrore 
CASTING. 


the untreated specimens from each melt was taken as unity and 
divided into the number of spots on the specimens which had been 
given preliminary pretreatments. The reciprocal of the resulting 
numbers was multiplied by 100 and these values were taken to be 
the relative size of the temper carbon spots in the pretreated speci- 
mens as compared with the size of nodules in specimens which had 
no treatment. 


19. The results of these counts, showing the effect of time at 
different preheating temperatures, for regular and hydrogen 
treated irons, are shown in Figs. 9 and 10. 


Influence of the Low Temperature [retreatments on 
Time for First-Stage Malleabilization 

20. Specimens, both with and without low temperature pre- 
treatments, from melt FM-19 (regular melt) and FM-23 (hydrogen 
treated) were heated to 1790°F. in % hour, held for 5, 10, 15, and 
30 min. periods, and quenched in water. The samples were sub- 
sequently drawn at 500°F. for the purpose of causing the marten- 
site to etch brown so that the white iron carbide present could be 
readily distinguished. 


21. Photomicrographs showing the gradual decomposition of 
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Fic. 11—Torp Row—Mett FM-23 (HyproGeEN TREATED) WITH No PRELIMINARY Low 
TEMPERATURE TREATMENT. THESE PHOTOMICROGRAPHS SHOW THE AMOUNT OF GRAPHITIZA- 
TION Upon HEATING To 1790°F. in % Hour AND HOLDING FOR THE TIME INTERVALS IN- 
DICATED BeLow. THE SPECIMENS WERE QUENCHED IN WATER FROM THE MAXIMUM AN- 
NEALING TEMPERATURE AND SUBSEQUENTLY DRAWN AT 500°F. FOR THE PURPOSE OF DARKEN- 
ING THE MARTENSITE. Upper Lert—5 MIN. Upprek RigHtT—10 MIN. Bottom Row—SPECcI- 
MENS FROM SAME BARS FROM WHICH SPECIMENS WERE TAKEN FOR RESULTS PRODUCED IN 
Tor Row sut GIVEN THE PRELIMINARY LOW TEMPERATURE TREATMENT OF 8 HOURS AT 
600°F. Bottom Lerr—5 Min. Hoipinc Time. Bottom RicgHT—10 Min. HoLpING TIME. 


the free carbide in the hydrogen treated melt, with and without 
pretreatment, are included as Figs. 11 to 12. The untreated 
specimens show some undecomposed carbide after 15 min. at 
1790°F., while those given a low temperature pretreatment are 
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completely graphitized after 5 min. The same trend was shown bv 
the specimens from the melt which had no hydrogen treatment. 
but the difference was not quite so marked. 


Effect of Preliminary Low-Temperature Treatments on 
Time Required for Complete Second-Stage Graphitization 

22. Pretreated and as-cast specimens from the straight melt 
(FM-19) were completely graphitized by a first-stage anneal, cooled 








Fic. 12—ReEsULT oF SUBMITTING Bars FROM Me_t FM-23 to SAME TREATMENTS AS IN 
Fic. 11 BuT with LONGER HoLpInGc Times. Top AND Bottom Lert—15 MIN. ToP AND 
Bottom RicgHt—30 MIN. 
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Fic. 18—Structures Are From Me_t FM-19 WHICH WAS A STRAIGHT-MELT AND SHOWED 

THE EFrrect oF CooLING Rate THROUGH THE 1450°-1200°F. INTERVAL ON SECOND-STAGE 

GRAPHITIZATION WITH No GAS TREATMENT. THE SPECIMENS IN THE Top Row WERE 

MALLEABLEIZED WITHOUT LOW TEMPERATURE PRETREATMENT AND THOSE IN Bottom Row, 

WITH THE PRETREATMENT. IN ALL CASES, MAGNIFICATION, x100. UPPER AND LOWER 

LertT—Coo_ep AT A Rate oF 40°F, Per Hour. Upper AND LOWER RIGHT—COOLED AT A 
Rate oF 50°F. Per Hour. 


slowly to 1450°F., and then cooled through the temperature range 
of from 1450° to 1200°F. at increasing rates. A cooling rate of 
300°F. per hour was required before any pearlite was retained in 
the pretreated irons while a cooling rate of 50°F. per hour caused 
some pearlite to be retained in the untreated specimens. 
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23. The hydrogen treated melt (FM-23) showed a still more 
marked response to pretreatment. A cooling rate of 900°F. per 
hour was necessary to retain pearlite in the pretreated specimens 
from this melt. Untreated specimens showed pearlite after a cool- 
ing rate of 50°F. per hour. Figures 13 to 16, inclusive, show the 
relationship between second-stage graphitization and cooling rate 
for the two melts (FM-19 and FM-23) in both the as-cast and the 
pretreated conditions. 





Fic. 14—Structures SHowNn Are From Mett FM-19 UNpber SAME CONDITIONS AS IN FIG. 

13 BUT WITH INCREASED CooLING Rates DURING THE 1450°-—-1200°F. INTERVAL. ALI 

MICROGRAPHS, MAGNIFICATION, x100. Uprer AND Lower Lert--CooLep aT A RATE oF 100°F. 
Per Hour. Uprer AND Lower RicHtT—CooLep at A Rater or 300°F. Per Hova. 
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Fic. 15—MIcRoGRAPHS SHOWING THE EFFECT oF CooLING RATE THROUGH THE 1450°— 

1200°F. INTERVAL ON SECOND-STAGE GRAPHITIZATION. STRUCTURES SHOWN ARE FROM 

Met FM-23 (HyproGeN TREATED). THOSE IN THE Top Row ARE From SPECIMENS GIVEN 

No PRETREATMENT BEFORE 1HE MALLEABLEIZING ANNEAL AND THOSE IN THE Bottom Row 

Were GIveEN SUCH TREATMENT. ALL PHOTOMICROGRAPHS AT x100. UPPER AND LOWER 

LertT—Coo._ep AT A Rate or 40°F. Per Hour. Upper aNd Lower RIGHT—COOLED AT A 
Rate oF 50°F. Per Hour. 


24. The so-called picture frame effect, namely a pearlite rim 
near the outside surface, was found to be more pronounced in the 
rapidly annealed pretreated specimens than that ordinarily found 
in malleable irons. Temper carbon nodules were larger also in this 
region of the castings. 
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DISCUSSION 

25. In the case of the pretreated specimens, rapid decomposi- 

tion of the carbide, in both the first and second stages of graphiti- 

zation, may be explained by the presence of a greater number of 

temper carbon centers. The time required for carbon to diffuse 

and to deposit upon the temper carbon nodules is less than in the 











t \ a yy 
Vie * eR * ‘ 
' 


3 i 

‘ Dew F ¢/ 
Se © ed Sa, eau 2 te LY 
ERI eee 
So dads ade SO ¥ — 


Fic. 16—MIcRoGRAPHS SHOWING THE EFFect oF COOLING RATE THROUGH THE 1450°— 


1200°F. INTERVAL ON SECOND-STAGE GRAPHITIZATION. STRUCTURES SHOWN ARE FROM MELT 


FM-23, THe SrecIMENS BEING GIVEN THE SAME TREATMENTS AS IN Fic. 15. ALL PHoTo- 
MICROGRAPHS AT x100. Upper AND Lower Lert—CooL_eD aT A RATE or 570°F. Per Hour. 
Upper AND Lower RiIGHT—COooLeD AT A RATE oF 900°F. Per Hour. 
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untreated specimens because of the shorter distance of travel 
through the matrix. 


26. Since the hydrogen treatment, in the absence of a low tem- 
perature pretreatment, had only a small effect on either first- or 
second-stage graphitization (hydrogen treatment of the iron with- 
out a subsequent low-temperature pretreatment tended to produce 
somewhat coarser graphite nodules and to lengthen the graphitiz- 
ing time in both stages) it cannot be assumed that the mere pres- 
ence or absence of hydrogen has an important bearing upon the 
response to malleabilization. The hydrogen treated melts, however, 
invariably responded to low-temperature pretreatments to a greater 
degree than did the straight melts. This observation leads to the 
conclusion that there is something connected, not directly with the 
absence of hydrogen in the pretreated material, but with its escape 
during the long holding time at low temperatures that predisposes 
the iron to rapid malleabilization through the formation of a much 
greater number of nuclei. 

27. At first, initial graphitization during the low temperature 
pretreatment was suspected of forming nuclei, although it was 
recognized that the most effective pretreating temperatures were 
far below the known graphitizing range. Pretreated specimens 
were carefully examined microscopically, however, for minute 
graphite particles previous to the malleabilization treatment, but 
not the slightest difference could be observed between the struc- 
ture of as-cast and pretreated irons. 

28. The tendency toward large, and consequently widely dis- 
tributed nodules near the outside rim, is partly responsible for 
more retained pearlite. Reasoning from the hydrogen hypothesis, 
the larger graphite nodules would be explained by the fact that 
hydrogen, either dissolved or occluded near the surface, can more 
easily escape than that further toward the interior. Hydrogen 
originally located near the outside skin may escape during cooling 
from the casting temperature, or even at the beginning of the low 
temperature pretreatment, without producing the unique effect 
that it does at greater depth. The response to malleabilization in 
this outer region then would be expected to coincide with that of 
an iron which had not been given the low temperature pre-annealing 
treatment. 
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CONCLUSIONS 


29. From this work, the following conclusions may be drawn: 

1. White cast iron, especially that in the quick-malleable 
range of compositions, responds to both first- and second-stage 
malleabilization at a much faster rate after having been given 
a pretreatment in the neighborhood of 600°F. 

2. Melts supersaturated with hydrogen are even more re- 
sponsive to this pretreatment than those produced in the usual 
manner. 

3. Faster malleahilization may be explained by the presence 
of a greater number of temper carbon nodules in the pre- 
treated irons than in those annealed directly in the as-cast 
condition. 

4. Smaller temper carbon nodules evidently originate from 
a nucleization effect of the low temperature pretreatment. 

5. Nucleization is apparently associated with the escape of 
hydrogen, but the exact mechanism involved is still unknown. 
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Temperature Control of Graphitizing Furnaces 


By J. H. Lanstna*, CLEVELAND, OHIO 


Abstract 


In this paper, the author outlines temperature control 
in the malleable iron annealing operation. He first deals 
with the early efforts to control temperature and the 
reliance placed on the operator for securing a well-an- 
nealed product. He then discusses the use of thermo- 
couples, millivoltmeter and potentiometer pyrometers, 
and both indicating and recorder type instruments for 
temperature control. He suggests additional methods of 
checking temperatures in malleable annealing furnaces, 
as well as emphasizing the temperature lag between the 
furnace temperature and the actual temperature of the 
castings in pots. 


EARLY TEMPERATURE CONTROL IN MALLEABLE IRON ANNEALING 


1. In the early days of the malleable iron industry, the an- 
nealing foreman was an outstanding factor in determining whether 
the final product would be good, fair, or poor. Of course, some 
iron was sent to the annealing department which could not be 
properly annealed, due to faulty composition. But given an aver- 
age product with which to start, the annealer could either turn 
out a good, tough product, or one quite deficient in all desirable 
properties. 

2. He generally judged temperatures by eye and learned by ex- 
perience that an oven which was not unduly rushed would produce 
the best castings. He classified his ovens according to results ob- 
tained and, therefore, had both ‘‘good’’ ovens and the others 
which either produced some underannealed castings, framed cast- 
ings or ones lacking in adequate toughness. More often than not, 
he found that best results were obtained from the ovens that were 
slow to cool. 


* Shop Practice Engineer, Malleable Founders’ Society. 
Note: This paper was presented at a Malleable Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 21, 1942. 
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3. Regular chemical analysis of the hard iron and the use of 
an indicating pyrometer came as steps which helped in the pro- 
duction of a good product. The experience of different plants was 
at variance, however, as some were positive that a certain number 
of hours at 1650°F. were necessary, whereas others were equally 
positive that 1500°F. was the proper ‘‘holding’’ temperature. This 
was due in large part to varying locations in which thermocouples 
were installed or inserted. 


4. One of the early difficulties, or at least assumed difficulties, 
was with the ‘‘night fireman.’’ If the iron was not up to stand- 
ard, the suspicion was that the night fireman had not properly 
maintained the required temperatures. So the use of recording 
pyrometers not only helped insure a better product but reduced 
the mortality among night firemen. 


5. As time went on, operators were advised that no purpose was 
being served by holding castings in the anneal after a temperature 
of 1200°F. had been reached. Some took this statement literally 
and opened their ovens when the oven thermocouple showed 
1200°F. After the castings were cooled and samples tested. many 
were found to be ‘‘framed,’’ so the operators decided that 1200°F. 
was too high a temperature. As a matter of fact, however, the 
1200°F. temperature was suitable if it had been the temperature 
of the castings. But the 1200°F. had been the oven temperature at 
a rather low temperature location, and castings in pots containing 
packing in the center of the oven had been at a temperature prob- 
ably in excess of 1300°F. In Fig. 1, the solid line charts the tem- 
perature recorded by a thermocouple inserted in the front of an 
oven at a height of 18-in. from the floor. The broken line charts 
the temperature recorded by a second thermocouple inserted in a 
pot containing castings at the same height and near to the first 
couple. It will be noted that when the oven couple shows a tem- 
perature of 1200°F., the pot couple is still slightly above 1300°F. 
Castings in pots in the center of the oven will be at even a higher 
temperature. 


6. Experiences, such as this, demonstrated the necessity of 
either having a thermocouple in a pot with castings or of making 
allowance for a lag of some 100°F. or more in the cooling of the 
castings. To a comparable extent, there is a lag in the heating of 
the castings when the oven is being brought up to temperature: 
This fact makes the ‘‘time at temperature’’ approximately the 
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same, irrespective of whether the oven or pot temperature be used. 
The necessity of allowing for the lag arises, however, when the 
castings are being cooled or are held close to, but under, the critical 
range. Allowance must nevertheless be made for the lag in heat- 
ing if the fire is being controlled by a pot-enclosed couple as other- 
wise excessive temperature may be reached and the life of the pots 
greatly reduced. The temperature lag, both in heating and cool- 
ing, is greater in pots containing packing than in ones containing 
castings only. 

7. <A further factor increasing the importance of temperature 
control in the malleable anneal, was an appreciation of the value of 
having the castings pass through the critical range slowly and of 
holding them just under the range for an extended period in lieu 
of a slow general cooling of the oven. Also the desire of many to 
reduce the time required for the anneal resulted in some use of 
electric and gas-fired, radiant-tube heated furnaces. In these 
types of equipment, with heating periods reduced to a minimum, 
close temperature control is essential. In batch ovens of this type, 
pyrometer thermocouples are needed at various locations to make 
certain that all parts of the oven attain the desired temperatures. 
In continuous ovens, zone temperatures are maintained and here 
again allowance must be made for any lag of the castings in at- 
taining these temperatures. Importance also attaches to the rate 
of heating to the higher temperatures used in some of this equip- 
ment, as well as to a change in temperatures and periods, when 
material of high silicon content is annealed. 

8. This outline of some of the early experience and later de- 
velopments affecting temperature control in malleable iron anneal- 
ing brings us to a consideration of the types of control equipment 
available. 


Types OF TEMPERATURE CONTROL EQUIPMENT 


Thermocouples 

9. One manufacturer of temperature control equipment well 
defines a thermocouple as follows: ‘‘A thermocouple is a pair of 
wires (or other conductors) of different materials (usually 
metals), electrically connected at each end. Im such a pair, an 
electromotive force is developed which is related to temperature 
difference between the two where the wires are joined. If tem- 
perature at one of these points, the reference junction, is held con- 
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stant (or provision is made to compensate for its variations) 
changes in e.m.f. represent changes in the temperature of the 
other, or measuring junction. In a typical thermocouple, two dis- 
similar wires (in insulators) join at one end to form a measuring 
junction, and terminate at the other in a connector or head, from 
which leadwires run to a measuring instrument. Usually the 
couple is enclosed in a metal or ceramic protecting tube.’’ 

10. Noble-metal thermocouples are used as standards for check- 
ing working couples, also, where temperatures are in excess of 
2200°F. 

11. For most uses, base-metal thermocouples of iron and con- 
stantan or chromel and alumel are used. They may be of the two 
wire type, with insulators, or in the case of iron-constantan, of the 
pipe-type. In this type a constantan wire, with insulators, is en- 
closed in an iron pipe and welded to the closed end. In general, 
the chromel-alumel is for use with an oxidizing atmosphere, the 
iron-constantan with a reducing atmosphere. 


Villivoltmeter Pyrometers 

12. The type of pyrometer in early use measured electrical cur- 
rent, thereby determining thermocouple electromotive force in- 
directly. In this case, it is essential that circuit resistance be held 
constant, so that consideration must be given to the effect of re- 
sistance changes due to switches and varying temperatures or 
lengths of leadwires. Some pyrometers of the millivoltmeter type 
have provision for automatic compensation for the effect of tem- 
perature change at the cold junction and for the temperature co- 
efficient of the instrument. 


Potentiometer Pyrometers 

13. In this type of pyrometer, a constant flow of current is 
maintained through a slide wire resistance. To a sliding contact, 
an uncalibrated deflection galvanometer and a thermocouple are 
connected so that the e.m.f. of the couple opposes the potential 
difference between the slider and the zero point. The slider then 
moves until the thermocouple potential is balanced and the gal- 
vanometer will read zero. By means of the slider, the thermo- 
couple hot junction temperature is indicated or recorded. Auto- 
matic compensation for cold junction temperature variations may 
be provided. The potentiometer method is generally considered: 
to be the most accurate and reliable means for measuring the tem- 
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perature of a thermocouple. 


PYROMETER EQUIPMENT IN GENERAL USE IN THE MALLEABLE 
INDUSTRY 


Indicators 

14. Indicators are in general use in the industry and serve the 
dual purpose of providing a guide for the fireman and a means by 
which the supervisor may check the temperatures of the various 
ovens. They are, of necessity, located in the annealing department 
where the fireman may have easy access to them. 

15. In the case of plants where automatic recorders are not 
used, it is excellent practice to have the fireman hourly record the 
temperatures of all ovens on a record form maintained for that 
purpose. This makes more certain that the fireman will take the 
temperatures hourly and makes possible easy checking of his most 
recently recorded figures. A further advantage is that this record 
may be retained for checking purposes or may be used for the 
plotting of a curve of each oven run. 


Recorders 

16. In effecting proper control of temperatures, a permanent 
continuous record is of the utmost value. The possibly fallible 
human factor is thereby greatly reduced in importance and an ac- 
curate record is provided. This may be checked against the stand- 
ard cycle and, if found to be at serious variance, points to the 
necessity of ‘additional treatment prior to the unloading of the 
oven or to the necessity of close checking of the castings when 
dumped. 

17. Instruments which record from 2 to 12 points are available. 
It is believed that the multiple point recorders well serve the pur- 
pose for the average malleable iron foundry. With an 8 point 
recorder, simultaneous record may be kept of two thermocouples 
on each of 4 ovens. In a similar manner, a 12 point recorder will, 
of course, take care of two couples on each of 6 ovens under fire 
at one time. The various points are recorded by numbers and it is 
not at all difficult to transfer them from the recorder chart to the 
type of record illustrated in Fig. 1. In some cases record of vari- 
ous points is made in different colors. 

18. For convenient reference, comparison, and permanent 
record, a form approximately 18-in. long x 8-in. wide, with proper 
coordinate squares for plotting a curve of time and temperature, 
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should be completed for each ‘‘run’’ of every oven. Plotting on 
this form from the regular recorder sheet daily, gives an addition- 
al check on operations and ealls attention to any unusual varia- 
tion. This form may also be easily and rapidly examined by the 
metallurgist or superintendent and serves as a basis for a check- 
back to ascertain the cause if improperly annealed castings are 
found. Test specimens from some definite heat should be in each 
oven and record made of that fact. A convenient form of the type 
described is shown in Fig. 1. 


PROGRAM CONTROL 

19. The practicability of program control of standard, batch- 
type, pot ovens, fired by oil, has been demonstrated in the case 
of at least one 10-oven installation. Potentiometer pyrometers are 
used on each oven and regulate both oil-flow and flue dampers. 
The fuel flow is regulated by means of a diaphragm-operated oil- 
and-air-proportioning valve and the dampers by diaphragm motor 
operators. 

20. Safety devices, in case of power failure, air pressure drop 
or excessive temperature, so operate as to shut off the oil supply. 
Only in the case of one of these unusual failures is manual regula- 
tion required. At all other times, its necessity is completely elim- 
inated with an increased certainty of uniform control and a re- 
duction in operating cost. 


CHECK OF COMPLETENESS OF ANNEAL IN LARGE OVENS 

21. A means of checking the completeness of anneal in all 
sections of a large oven may be mentioned as of interest in con- 
nection with temperature control. To accomplish this, test wedges 
are placed in the bottom pot of each stack and are broken before 
the castings are removed from the dumping floor. To maintain a 
record for supervisory check, a box is provided with a slot properly 
located for each stack in the oven. As each wedge is broken, the 
butt end is placed, fracture up, in its proper slot. Thus, a board 
or box approximately 12-in. wide by 16-in. long will contain a 
complete record which may be checked at a glance. If there is any 
question as to the contents of any stack, the castings may be quick- 
ly segregated and work continued with the remainder of the oven’s 
contents. This practice is not suggested as a substitute for tempera- 
ture recording instruments but rather as a supplement to their use. 

(Discussion for entire Symposium will be found on pages 133- 
148, inclusive.) 











DISCUSSION* 


Presiding: Dr. H. A. SCHWARTZ, National Malleable & Steel Castings 
Co., Cleveland, O. 

Co-Chairmen: D. P. Forses, Gunite Foundries Corp., Rockford, Ill. 

C. F. JosepH, Saginaw Malleable Iron Div., General 
Motors Corp., Saginaw, Mich. 

E. G. MAHIN! (written discussion of the paper on “The Principles of 
Graphitization,” by H. A. Schwartz): Almost the only criticism which 
I can offer in connection with this excellent discussion of principles has 
to do with what appears to be confusion regarding the actual mechanism 
of graphitization. Two views seem to have been somewhat intermixed, 
and I believe that this may serve to perpetuate a confusion which exists 
in the minds of many of those who are interested in malleable iron. 

According to an explanation of long standing, often repeated in books, 
graphitization consists of a simple decomposition of cementite according 
to the equation: 

Fe, C —— 3 Fe + C 


This is a simple and easy explanation, even though empirical, but I know 
of no convincing evidence that it has any direct relation to what happens 
when white iron is graphitized. If this reaction is responsible for the 
graphitizing action, one may wonder as to the role of silicon in the 
process. 

Much has been said about the metastability, or the stability, of cement- 
ite, and many men have carried on investigations designed to throw 
light upon the question. It can scarcely be said that the matter has been 
decided, but, certainly, the supposed metastability of cementite is not 
great enough to concern the manufacturer or the user of steel. It is only 
when silicon is present in sufficiently high concentration that graphitiza- 
tion becomes an important consideration. 

For making malleable castings, silicon must not be in as high concen- 
tration as in gray iron, otherwise graphitization at high temperatures 
cannot be prevented (without chilling the casting), with formation of 
flaky graphite. On the other hand, it must not be as low as in steel, 
or the casting will not graphitize at all. 

The silicon is certainly not in the cementite phase except in minute 
concentration. Even an ordinary steel contains far more than enough 
silicon to saturate the cementite; therefore, the cementite will not con- 
tain any more, even in a high-silicon gray iron. Silicon is present in 
solid solution in the ferrite phase, at ordinary temperatures, and in aus- 
tenite, at temperatures above A,. (In hypoeutectoid steels, at tempera- 
tures between A, and A,, silicon is in solution in both ferrite and aus- 
tenite.) If, therefore, cementite contains all of the silicon it can dissolve, 
in both steels and cast irons (recalling that silicon is the most effec- 
tive of all promoters of graphitization), why is it that steels may be sub- 
jected to all sorts of repeated heat treatments without graphitizing at 

* The discussion which follows covers the papers presented in the Graphitization Sym- 


posium as a whole. 
1 University of Notre Dame, Notre Dame, Ind. 
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any temperature under melting, while cast irons graphitize so readily? 
The answer is to be found in the last paragraph of page 14 of the Sym- 
posium on Malleable Iron Castings, published jointly by the AMERICAN 
FOUNDRYMEN’S ASSOCIATION and the AMERICAN SOCIETY FOR TESTING 
MATERIALS. Briefly summarized, this amounts to a statement that at 
annealing temperatures, austenite precipitates carbon as graphite, silicon 
being the controlling element. This leaves the gamma iron unsaturated 
with respect to cementite which dissolves in accordance with the iron- 
carbon phase diagram. The two actions, precipitation of graphite and 
solution of cementite, proceed simultaneously until cementite has dis- 
appeared and, more slowly now, until practically complete graphitiza- 
tion is accomplished. 

I believe that the author of the present paper subscribes to this view. 
as evidenced by his statement in paragraph 6. On the other hand, in 
paragraph one he writes of “the conversion of a compound of iron and 
carbon, called cementite, into free carbon (graphite) and iron.” In 
paragraph 5 he says “It wishes to transform itself into iron and carbon 


——,” and in paragraph 9, “ the carbide, in its desire to break up 





” 


These picturesque statements are obviously figurative embellishments 
of the paper and no objection could be made to them, were it not for the 
fact that they may serve to perpetuate the old idea of direct decomposi- 
tion of iron carbide, and to leave some uncertainty as to just what is the 
author’s understanding of the matter. 

If the mechanism of graphitization of white iron be substantially as 
explained in the foregoing quotation, it might be objected that the 
graphitization is finished at a temperature below A,, where the iron 
exists in the alpha form. But it is not quite correct to say that “carbon 
is not appreciably soluble below this temperature.” This solubility has 
been tolerably well established as 0.035 per cent. It is also true, as al- 
ready stated, that the silicon is still in solid solution in the ferrite phase, 
so that an action similar to that at higher temperatures may still be in 
operation. Such action might be expected to be extremely slow, but only 
a very minute amount of cementite should remain at this stage, to be 
redissolved in the alpha iron which has had its carbon expelled as 
graphite. 

The author states (paragraph 11) that the graphite nodules always 
form at the surface of iron carbide. It might be expected that this would 
be the case, since it is only at the interfaces between cementite and 
austenite that solution of carbide may take place. However, it is doubt- 
ful whether the photomicrorgraph of Fig. 2 in the author’s paper estab- 
lishes this point very satisfactorily. Numerous graphite nodules appear 
to be embedded in pearlite grains and these grains, of course, were 
austenite at annealing temperature. 





ORIEN SIMMONS? (written discussion of Dr. Schwartz’ paper): Dr. 
Schwartz has given a clear concise description of the effects of the sev- 








2 Rose Polytechnic Institute, Terre Haute, Ind. 
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eral variables present in the malleableizing process. Would he care to ex- 
tend this discussion to cover the essentials controlling the phenomena of 
“galvanizing embrittlement”? 

Dr. SCHWARTZ (author’s reply): It appears that the author did not 
succeed in stating his concept of graphitization sufficiently clearly. In- 
asmuch as the alloy starts out to have its carbon present solely as Fe,C 
and finishes the graphitization process with its carbon all in the free 
state, it seems incontrovertible that iron carbide has at some stage of 
the process been disassociated. Whether this disassociation takes place 
before the carbon goes into solution, while it is in solution, or when it is 
crystallizing out, nobody knows with any certainty. Certainly the author 
does not. It is not possible to explain the graphitizing process except by 
considering solution, disassociation, migration and crystallization, and 
the relative significance of these four in determining annealing rates 
is too complex a problem for inclusion in the present discussion. The 
author does not agree with Dr. Mahin that the metastahility of cement- 
ite is not great enough to concern the manufacturer or the user of steel. 
The formation of free graphite in unalloyed tool steels has in the past 
been a serious problem to makers of small tools. 

It has been shown by Austin and his co-workers that even the purest 
carbon alloys can graphitize. This point has been still more completely 
covered by Mehl, Wells and others. Graphitization thus cannot depend 
solely upon the presence of silicon, since it can take place in the lowest 
silicon alloys which have so far been made. That silicon favors the forma- 
tion of graphite is of course indisputable. So far as the author knows, 
there is no explanation of this phenomenon, and it does not seem possible 
to deduce a mechanism of graphitization from the fact that silicon favors 
that process. It is doubtful whether there is any convincing evidence 
as to how soluble silicon may be in cementite. 

It may not be amiss here to refer to the fact that if there be but one 
type of solid solution of carbon in gamma iron, then if cementite is 
metastable, gamma iron saturated with respect to graphite at a given 
temperature must contain less carbon than gamma iron saturated with 
respect to cementite. If cementite be stable, the reverse must be true. 

Any explanation of graphitization based on the free energy of forma- 
tion of cementite must therefore lead to the same conclusions as as ex- 
planation based on relative solubilities, if there be but one type of solu- 
tion. If there be two types of solution, then this does not necessarily 
follow, although it might follow. 

It seems to lead us far from the subject of this symposium to reply 
to Mr. Simmons’ question. The facts of galvanized embrittlement are 
pretty well understood. Among these facts is the conclusion that silicon 
and phosphorus promote this effect. The phenomenon is one which 
suggests the occurrence and removal of grain boundary inclusions. Some 
authors seem to consider these inclusions as carbides, some suggest 
nitrides. The observations with regard to silicon and phosphorus sug- 
gest compounds of these elements. None of these inclusions has ever been 
seen in the writer’s laboratory. To the best of our knowledge, nobody 
else has seen them, but only deduced their presence by reasoning. Under 
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the circumstances, it is scarcely possible to accept without reservation 
any hypothesis about the phenomenon which might be absent. 


Mr. SIMMONS (written discussion of the paper on “The Effect of 
Composition on the Annealing of White Cast Iron,” by W. D. McMillan) : 
It is noted that the nodule count seems to decrease with length of holding 
time at temperature. I wish to concur in this observation and to add 
that the same characteristic seems to be possessed by malleable iron 
which has been prequenched from the gamma region previous to first 
stage. The tests noted were on duplexed air-furnace iron with 1.30 per 
cent Si and 2.50 per cent C. 


Due to the decrease in nodule count it would be expected that prolong- 
ing first stage should have a tendency to also prolong second stage as the 
diffusion distance would be increased. Now Dr. Schwartz in paragraph 
10 of the “Principles of Graphitization” (pp. 1-23) states that “the num- 
ber of carbon nodules does not change materially during the graphitizing 
process.” Perhaps this anomaly is due to the difference in irons examined. 


In work done at Rose Polytechnic Institute, a test bar was cut into 
several portions and all were placed in a furnace at temperature. Then 
at successive intervals of time a piece was removed and quenched and a 
nodule count was made. Perhaps this observation of decrease could be 
coincidence though it was noted on five different sets of test pieces from 
the same heat which had been prequenched from different temperatures. 


A. R. ELSEA® (written discussion of Mr. McMillan’s paper) : The author 
brought out a point that seems to be contrary to the results we obtained 
at Battelle Memorial Institute during a study of the malleableizing cycles 
for white cast iron. In his paper, Mr. McMillan shows results indicating 
that the temper carbon ncdule number decreases with extended holding 
time at the first stage graphitizing temperatures. 


I would like to present the following information which has a bearing 
on the point in question: 


Specimens of white cast iron (2.56 per cent carbon, 1.02 per cent 
silicon, 0.32 per cent manganese, 0.10 per cent phosphorus, and 0.072 
per cent sulphur) cut from identical bars cast from the same melt were 
given first and second stage malleableizing treatments to determine the 
rate of graphitization for various cycles. Figures 1-D and 2-D of this 
discussion are representative micrographs of two specimens that were 
heated to 1600°F. in 30 minutes, held 18 and 45 hours, respectively, and 
furnace cooled at 34°F. per hour and 10°F. per hour, respectively. There 
is very little difference in nodule size or distribution. A nodule count 
consisting of the average for five fields was 33 nodules for the iron 
held 18 hours and 34 nodules for the iron held 45 hours. Similar results 
were found for specimens held at 1700°F. for various lengths of time. 
The cooling rate, of course, has no effect on nodule distribution and only 
affects the size insofar as a rapidly cooled malleable iron will have more 
combined carbon in the matrix in the form of pearlite. 


} Battelle Memoria! Institute, Columbus, O. 
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Fic. 1-D—-SPECIMEN (2.56 PER CENT CARBON, 1.02 PER CENT SILICON, 0.32 PER CENT MAN- 
GANESE, 0.10 PER CENT PHOSPHORUS AND 0.072 PER CENT SULPHUR) HELD 18 HOURS AT 
1600°F. AND COOLED AT 34°F. PER HOUR. NITAL ETCH. x100. 


There is no question as to whether the dark areas in Figs. 1-D and 2-D 
are graphite nodules or polishing pits, since the graphite has retained 
its gray color. The composition of these specimens compares favorably 
with Mr. McMillan’s iron B-1 which contains 1.02 per cent silicon, 2.62 
per cent carbon, and 0.29 per cent manganese. 

Mr. McMILLAN (author’s reply): With regard to Mr. Elsea’s written 
discussion, the photomicrographs of the iron in question show a count of 
11 or 12. The magnification shown is 100. In the text, the count is 
shown as 33 and 34 respectively for the iron held 18 hours and 45 hours. 


I assume that the count was made at a magnification of about 35 
diameters. From our experience, a count of 11 or 12 at 100 magnifica- 
tion is normal for iron heated rapidly to the annealing temperature. 
Our experience, too, indicates that, where the count is on the order of 5 
to 15, there is not much, if any, change in the number or size of nodule 
with prolonged heating. It may be that if the iron had been examined 
after 9 hours at 1600°F. the count might have been a little higher. 


I appreciate the interest Mr. Elsea has shown and hope this reply may 
offer a plausible explanation of the condition he has brought out. 
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Mr. SIMMONS (written discussion of the paper on “Graphitization 
of Arrested Anneal Malleable Iron,” by D. P. Forbes): I should like to 
ask the author if the pearlitic malleables produced in this manner are 
subject to “galvanizing embrittlement.” 

Mr. Forses (author’s reply): So far as I know no data are available 
as to the susceptibility of pearlitic malleables to galvanizing embrittle- 
ment. In completely annealed malleable iron, embrittlement is apt to 
occur in the presence of silicon above 1.10 per cent and phosphorus above 
0.20 per cent, particularly if during the annealing process the castings 
are cooled slowly through the temperature range below the critical and 
if they are cooled rapidly from a temperature of approximately 850°F. 
Embrittlement can be avoided if the castings are cooled rapidly from 
about 1250°F. by quenching in air or a liquid. Some authors attribute 
this embrittlement to age hardening of the ferrite by precipitation of 
carbide from solid solution in ferrite at sub-critical temperatures. This 
causes strengthening of the ferrite grains, which thereby reduces their 
ductility when subjected to shock, with the result that fracture occurs 
in the weaker grain boundaries. 


_ 





Fic. 2-D—SPEcIMEN (2.56 PER CENT CARBON, 1.02 PER CENT SILICON, 0.32 PER CENT MAN- 
GANESE, 0.10 PER CENT PHOSPHORUS AND 0.072 PER CENT SULPHUR) HELD 45 HOURS AT 
1600°F. AND COOLED AT 10°F. Per HoUR. NrraL EtcnH. x100. 
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Nearly all of the processes for producing pearlitic malleable include 
rapid cooling through the temperature range favorable to embrittle- 
ment and it is, therefore, doubtful if galvanizing embrittlement would 
occur. So far as I know there have been no cases of embrittlement en- 
countered by manufacturers which would further indicate galvanizing 
embrittlement is not a problem with malleables of the pearlitic type. 

Mr. SIMMONS (written discussion of paper on “Some Effects of 
Hydrogen on the Time of Malleabilization,” by C. H. Lorig and M. L. 
Samuels): In some work done at Rose Polytechnic Institute on the pre- 
quenching of white cast iron, it was found that the finer distribution of 
graphite obtained by this treatment was associated with a great decrease 
in ductility though the tensile strength did not seem to be altered. Was 
the iron produced by the authors’ treatment noticeably different in 
physical properties as well as in microstructure, and was any correlation 
noticed between the structure and the physical properties. 

Messrs. LoRIG and SAMUELS (authors’ reply): We were pleased to 
have the comments by Mr. Simmons on properties of malleable as affected 
by the prequenching treatment. In conduct of the work described in the 
paper, no effort was made to study the physical properties of the irons, 
hence we were not able to correlate the structure with physical 
properties. 

Dr. MAHIN: May I ask what material is used for the charcoal con- 
tainer in the Charmo gas method mentioned in Mr. Cowan’s paper? Is 
it a chrome-nickel alloy? 

Mr. Cowan: I think it is a 35 nickel-15 chromium alloy. 

MEMBER: The cycle of 72 hours mentioned by Mr. Jaeschke, is that 
in and out in 72 hours? 

Mr. JAESCHKE: Yes, I believe it is. I might add three hours for 
loading and unloading which brings it to 75 hours. Actually they have 
done it in considerably less time than that, but the 72 hours is a safe fig- 
ure to mention. 

MEMBER: Is that a normal silicon? 

Mr. JAESCHKE: Yes. It is duplexmalleable. It is in the neighborhood 
of 1.10 per cent silicon. 

MEMBER: Are they using packing? 

Mr. JAESCHKE: No. 

MEMBER: What tonnage is used? 

Mr. JAESCHKE: Those particular ovens have 12 to 16 tons capacity. 

MEMBER: What is the carbon content of that 1.10 per cent silicon? 

Mr. JAESCHKE: In the neighborhood of 2.45 per cent. 

MEMBER: And the 35018 specification? 

Mr. JAESCHKE: Yes, 

Mr. Cowan: In the combination gas-electric furnace shown by Mr. 
Cherry, in Fig. 4 of his paper, what is meant by radiant gas burner? 

Mr. CHERRY: The radiant type of burner used is one where there is 
no flame in contact with the castings but the products of combustion are 
drawn down through the charge. 

Mr. Cowan: The products of combustion are in contact with the 
charge? 
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Mr. CHERRY: Yes. 


MEMBER: Did I understand that there are 24 containers to 8000 lb. 
of work in your batch-type furnace? 

Mr. CHERRY: There are 16 containers per charge, loading 8000 lb. 
net of castings per charge, with the containers weighing approximately 
2200 Ib. 

MEMBER: About 4:1? 

Mr. CHERRY: Yes, 4 lb. of castings to 1.1 lb. of containers. 

Mr. McMILLAN: In connection with Mr. Anderson’s paper, did he 
take out the muffle in that kiln? It is direct-fired after it is shortened? 

Mr. Harris: Just in the front end. The muffle is still there. It was 
more of a preheating chamber than anything else. I guess there was a 
distance of about 50 ft. before we came to our first burner. 

Mr. McMILLAN: We had a problem of having a little more tonnage 
than we could handle in one kiln, so we put a door in the second kiln, using 
the burnered end as a periodic oven. We put the door in the kiln so there 
were 27 cars in the heating zone. We did not change any burners to any 
great extent, nor did we try to burner the kiln so that we could heat up 
all 27 cars. We simply allowed 18 of them to come up to temperature. 
We pushed in 27 cars and 18 of them were considered as having gone 
through a satisfactory cycle. We allowed them to come up to 1700°F. 
and held them 24 hours, allowed them to cool in that portion of the kiln, 
and then opened the door and pushed them out into the other half of the 
kiln. In that way we were able to get a five-day cycle and about 72 tons 
every five days which helped considerably when we had no other way of 
getting it. It would have meant buying a good many more cars and pots 
in order to fill up the kiln which required 62 cars. It was a way out and 
it worked out very satisfactorily. 

Mr. Harris: Did I understand correctly that you used one-half of 
your oven as a zone for heating for your first stage and then brought 
the cars out of that half and put them into the other half and used that 
for your cooling zone or your second stage? 

Mr. McMILLAN: No, the second stage was made in the same zone 
without moving the cars. We just put in a door in there 27 cars down 
and called that a periodic oven. 

Mr. Cowan: I would like to discuss Dr. Lorig’s paper. This matter 
of a pretreatment, a preliminary low temperature treatment of hard 
iron previous to annealing, is one that the laboratories with which I have 
been connected have been studying. We have been working on it for a 
long time. It may be interesting to follow through the development of that 
idea. In some work going through the laboratory on case-hardening of 
metals, we were using carbon and nitrogen, and we found that those 
elements were friendly enemies. That is, the nitrogen seemed to resist 
the carbon and there was an effect there that seemed to indicate that it 
might have something to do with this matter of nucleization in mal- 
leableizing hard iron. The question has always been up as to what it is 
that causes this nucleization, and we just got the hunch that if we could 
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put nitrogen into the metal maybe the nitrogen would serve as a nuclei 
for carbon precipitation, and the interesting thing was that we did and 
it did. We nitrided a piece of hard iron, went through the usual nitrid- 
ing operation, and when that material was annealed, we were very much 
pleased to find that it annealed in a hurry, and had a very fine division 
of graphite. We had apparently brought about an increase in the num- 
ber of nuclei for carbon precipitation. 

The only drawback was that nitriding is a long-time operation. We 
tried introducing nitrogen into the melt, and, when we did it that way, 
we found that instead of increasing the number of nuclei or the rate of 
graphitization, it really retarded it. We went back and treated at a low 
temperature and found we got that same effect which Dr. Lorig has 
noted in his paper. We studied a great many different commercial 
metals. Our concepts were research laboratory concepts carried out in 
shop practice. We got metal from a number of different foundries and 
investigated them under a number of different conditions. 

The usual procedure was to heat this metal in a lead pot and, heating 
it in that way, we avoided the atmosphere effects and were able to hold 
for a specified time, then remove from a lead pot and cool in a hurry. We 
found that by heating at a low, about 600°F., temperature, we got a cer- 
tain effect, and by heating at a higher temperature, about 1100 or 
1300°F.; we got a different effect which decreased. The greatest number 
of nuclei were produced by heating at the lowest temperature. 

Our preliminary work had been done in a lead pot. When we did it 
in an air muffle furnace, we did not get the same effect. Cooling in the 
furnace rather than cooling in the air gave us a nucleization effect that 
was an entirely different thing. We could heat at 900°F. in a lead pot, 
take the A.S.T.M. bar out and cool it in the air and that would give us 
a very fine nucleization. Heating it in and cooling it with the furnace, 
we got an entirely different effect, so that the effect is connected up, not 
only with the hydrogen content of the metal, but with some other effect 
that is there. 

I did not notice whether or not Dr. Lorig had made any hydrogen de- 
terminations. Has it been proven that this is really due to hydrogen or 
is it due to some other effect? I remember that Dr. R. Sehneidewind of 
the University of Michigan suggested an iron-silicon alloy, a silicide of 
some form or other, which is changed from one form into another, that 
serves as a nucleus for the carbon precipitation. 

In connection with other work that has been done, it has been shown 
that hydrogen is not eliminated at these temperatures. It has been 
shown, in fact, that, contrary to most gases, hydrogen is absorbed, and 
that is a very important factor in connection with the annealing of sheet 
steel. Why is it that sheet steel strip, when annealed in batch annealing, 
is a different metal from that which is normalized? A great deal of 
time has been spent in investigating this shelf-area, the second-stage an- 
nealing, the rate of cooling, and if it comes down actually to the matter 
of the elimination of hydrogen, the hydrogen is not eliminated at those 
temperatures in an atmosphere if it contains hydrogen. On the other 
hand, it tends to be absorbed, giving a hydrogen effect. 
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Another very interesting thing is that as nucleization is increased, the 
physical properties of the metal go down, the tensile drops off and elon- 
gation drops off. Another very interesting thing is that manganese has 
a tremendous effect. That is, excess manganese over the manganese- 
sulphide ratio has a tremendous effect on the results. 

Dr. Loric: I will admit, offhand, that our concept of the mechanism 
involved in pretreatment is rather visionary. We did not attempt to 
make any hydrogen determinations. It is a very difficult determination 
as anyone knows. I think Dr. Schwartz has had experience with it and 
has worked out a satisfactory method for determining hydrogen in iron. 
We have two sets of apparatus available which can be used. One em- 
ploys the vacuum fusion method and the other the combustion method. 
We are skeptical of results by the vacuum fusion method, and are not 
far enough along with the combustion method to be sure of its results. 

Our concept suggests that carbon is tied up with hydrogen to some ex- 
tent. There is that possibility that hydrogen in iron exists, in part, as 
methane. Thermodynamically, this seems possible. It is also possible 
that methane decomposes at the low pretreating temperatures of about 
600°F. It would then be possible for very minute nuclei of carbon to 
deposit somewhere in the iron during the pretreatment, probably at 
disjunctions or rifts in the metal. That may account for the increased 
number of graphite nuclei in the iron as a result of the low temperature 
pretreatment. The greater number of graphite nuclei would speed up 
the rate at which the iron graphitizes. 

As to the effect of nitrogen mentioned by Mr. Cowan, it is very inter- 
esting. It may be that when molten metal is treated with nitrogen, the 
amount of hydrogen in the melt is decreased, and, therefore, the iron 
would not respond to pretreatment as would the iron without the nitro- 
gen treatment. 

We tried to introduce hydrogen inte solid white iron by electrolysis to 
see if the iron so treated would also show the marked effect of hydrogen. 
Our experience was that this method for introducing hydrogen had no 

effect on the rate of malleabilization, the iron behaving in the same man- 
ner as iron not subjected to electrolysis. This indicated to us that hy- 
drogen must be in another form in the iron than occluded hydrogen, when 
it is added to the melt. From this it appears that hydrogen may exist 
partly as methane which subsequently is reduced to carbon atoms and 
hydrogen later in the pretreatment. 


Co-CHAIRMAN ForBeEs: In the pretreatment at 600°F., did you cool to 
room temperature at the end of it, or did you continue on up to the first 
graphitizing? 

Dr. Loric: In all our tests described in the paper, we cooled to 
room temperature prior to heating to the malleableizing temperatures. 
However, we did try some in which we heated to the pretreatment tem- 


peratures and then raised up to the annealing temperature. There was 
no difference in the effect. 


M. E. McKINNEY!: In making some tests on this nuclei reduction size, 
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we found out, especially in one case, that a heat that is definitely oxidized 
will not respond at all to pretreatment, so I am wondering whether the 
hydrogen treatment has been a deoxidization of some kind and whether 
any kind of deoxidization will not give the same result. 

CHAIRMAN SCHWARTZ: When I read Dr. Lorig’s paper, I wondered 
how much of this effect had to do with the mechanical sweeping effect of 
hydrogen through liquid metal. I was about to suggest the substitution 
of an inert gas whether it was argon or nitrogen. If somebody would 
duplicate that we might have another sidelight on it. 

As to the determination of hydrogen, the direct combustion method 
which we have used has this much to recommend it, it is easier to do 
than the vacuum fusion method. It checks the average value with the 
Bureau of Standards hydrogen values in five or six steels, and it goes 
up and down intelligently with the times when you think hydrogen ought 
to go in and ought not to go in. To that extent the combustion method does 
indicate something. Heat treatments somewhere from 392 to 572°F. up 
to 1112 or 1292°F. do actually, by analysis, remove hydrogen. The data 
are in the paper * given before the A.S.M. two years ago, so that we do 
know, as far as that method goes, hydrogen is removed, and when work 
was done on these low temperature treatments, they actually pumped off 
the hydrogen and determined that it was hydrogen. It may have been 
methane when it was in the iron, but they know in removing the element 
hydrogen came out, so they were quite satisfied, by measurements of 
volume. Their volume measurements were of the same order of magni- 
tude as what they got with the same types of heat treatment. 

It has impressed me that in a number of places in this symposium we 
have talked about number of nuclei which, some years back, would have 
been regarded as a very high-brow thing for the AMERICAN FOUNDRY- 
MEN’S ASSOCIATION to spend quite a little time of the day’s session on. 
It seems to me that it is something which should bear fruit as time 
goes on, and I think Mr. McMillan’s showing that the nuclear number 
decreases with time, under a condition where in a very short time he 
could get enough large-sized nuclei to count, is a decided contribution 
to our thought on that subject. It has seemed at all times that the nu- 
clear number should decrease with time because the surface energy of 
the graphite will be less the coarser the graphite, therefore, large lumps 
of temper carbon should be stable toward smaller. 

Mr. Cowan: I can’t understand just exactly why it should be that a 
sample that is quenched from 900°F., after having been held many hours, 
should have more nuclei than one that is slow-cooled. The time element 
connects up with what Mr. McMillan has said. If it be hydrogen, cer- 
tainly the hydrogen must be the same in both cases. There must be 
something that is responsible for the effect. 

Mr. McMILLAN: One gentleman in discussing the matter of the ten- 
sile strength stated that as the number of nuclei increased the physical 
properties dropped off. Some years ago we were making tests on what 
” @Schewenta, H. A., Guiler, G. M., and Barnett, M. K., “Significance of Hydrogen in 


the Metallurgy of Cast Iron,’’ TRANSACTIONS, American Society for Metals, vol. 28, p. 
811 (1940). 
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we called fine-grained iron. We counted the graphite nuclei in the field 
and then proceeded to qualify it by something and got it down to nuclei 
per sq. in. on a photomicrograph. That represents about 100 to 150 
nuclei in the field. The first one showed a 49,500 yield, 69,500 tensile, 
12.5 per cent elongation; the second, 40,800 yield, 58,700 tensile, 18.8 per 
cent elongation; the third, 41,500 yield, 59,500 tensile, 15.6 per cent elon- 
gation. The difference lies in that the first had a heat treatment in 
which the iron had been preheated and was held at 1700°F., cooled to 
room temperature in a half hour and held at 1225°F. for three hours. 
That was the annealing cycle for the one that showed what we call 50 
and 70 and 12%. The other ones were preheated and simply went 
through the short cycle anneal, 15 hour cycle, and it reflects very much 
the physical properties that this short cycle annealing practice would 
give, that is, roughly, 44,000 yield, 56,000 to 60,000 tensile and 15 per 
cent elongation. There is this much evidence at hand here that the fine 
grain does not have inferior tensile properties. 

I believe Mr. Lansing mentioned that perhaps we have been preheating 
all the time in the tunnel-type kilns and in the periodic ovens. We 
naturally heat slowly up to 600, 700, 800 or 900°F., and there would be 
a period in which we would have the effect of preheat. That is true to 
a certain extent. I might say that normally the low silicon iron will have 
a count of about 18, as we think of it, and the high silicon iron will count 
around 50. The preheat treatment will run the count on a high silicon 
iron up to 150. It will run from three to ten times what the count has 
been without the pretreatment. That is on high silicon irons. On the 
low silicon irons with the count of 18, the pretreatment will bring it up 
to 35 or 45, which is a considerable increase. Now, when the iron is 
annealed in the long cycle, the 96 hour cycle, it has the 18 count. If you 
heat the same iron in the so-called direct-fired furnace, such as you do 
when you walk the temperature right up in the atmosphere type furnace, 
the count will run around eight or ten, so there is indication that there 
is some pretreatment when the iron is going through a periodic furnace, 
which is to be expected. There is this much evidence that low silicon 
iron with direct firing or direct heating, has a count of around eight or 
ten, around 18 with a Dressler kiln with a longer cycle, and about 40 
when the iron is preheated. 

The high silicon iron when run through the short cycle furnace has a 
count of about 50. When it is run through the Dressler kiln, the count 
ranges between 25 and 40, so that is not far out of line from the normal 
count when it is run through the short cycle furnace, but there is not 
much evidence of preheat treatment there, inasmuch as that same iron 
should run up to 150 or 200. We have had them as high as 300. In con- 
nection with what may take place, we had a heat one day where the 
silicon got down pretty low, and we proceeded to add a considerable 
amount of silicon to it. It so happened we had about 20 test bars out of 
that furnace, for some reason, and we had a good opportunity to play 
with that iron. We did everything you could think of with it, but it 
would not respond to pretreatment at all. We couldn’t get the count 
over 18, so possibly that is a matter of oxidation. It may be a matter of 
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subsequent deoxidation by the addition of silicon to the heat. In other 
words, we might kill the heat and then destroy whatever nuclei there 
may be. 

I might say that we also made determinations as to the range in which 
this preheat treatment would do some good. We found very little ad- 
vantage at 500°F. and very little advantage at 1100°F. At 1100°F. it 
was not consistent. If we stayed within that range, above 500 and less 
than 1100°F., the treatment was quite effective. 

Cc. O. Burcess®: Dr. Lorig referred to some work done in our labora- 
tory and our results agree with his very closely. We found that, using 
temperatures under about 600°F., we had to increase the holding time 
in order to get the full nucleating effect from these prebaking or pre- 
heat treatments. (Incidentally we prefer the term “baking” treatments 
to differentiate them from the regular anneal.) We also found that 
with certain irons a discontinuity existed between a temperature of 500 
and 1000°F., in the baking treatment. In other words, below 700°F. we 
might get only moderate refinement of graphite nuclei and above 700°F. 
we might get very considerable refinement. 

From the few tests we have available it also appears that there is 
probably a critical size of nuclei with which the best properties are de- 
veloped, for instance, a nucleus size between a very coarse and relatively 
fine type. There was some improvement in properties on development of 
a finer type than normally found in an unbaked iron. It is possible, how- 
ever, that a still greater refinement would have an adverse effect on the 
properties. 

I believe Dr. Schwartz pointed out that on holding some of these irons 
at a baking temperature of 600°F. under vacuum, we found that some 
hydrogen was actually given off. 

MEMBER: Mr. McMillan made the statement that the number of car- 
bon nuclei decreased on continued heating past first stage anneal. I 
wonder if the physicals changed as the continued heating passed that 
point? 

Mr. McMILLAN: Unfortunately, this paper covered only the first 
stage of annealing. The iron samples were removed from the furnace 
at 1700°F. and we did not make any effort to pull them at all. 

MEMBER: When the iron was held for three hours at that first stage 
and so many nuclei formed with, 1 suppose, attending graphitization 
spots, was the same iron held again an added four hours? If so, what 
becomes of the holes that are originally formed? Is there any indication 
that the carbon would be dissolved and move, leaving the hole? 

Mr. McMILLAN: It was not the same specimen. All the iron that we 
tested was cast in the same mold. There were two test bars in a mold. 
We took portions of these bars and heated them in the furnace and just 
pulled out one portion after three hours, four hours, five hours, six hours, 
etc., so we didn’t actually look at the same specimen. It was the same 
iron, out of the same mold, so we felt they should be representative. It 
was not counted at the surface of the bar, the count there being lower 


5 Union Carbide and Carbon Research Laboratories, Inc., Niagara Falls, N. Y. 





146 GRAPHITIZATION SYMPOSIUM 


than it is in the center. The bars were electrically heated in a normal 
heat treating furnace, with no effort being made to control the atmos- 
phere. 

Mr. JUNGE: I would like to point out the fact that it is quite impor- 
tant when you are doing critical work on nodule count that you always 
consider the section size of the particular specimen you are studying. In 
other words, if you have an A.S.T.M. bar, it may make quite a lot of 
difference whether you take the grip end of the bar near the end where 
the gate joins on to the grip end, or whether you take the gauge length. 
In doing comparative work, one should have the same section size because 
cooling rates make quite a little difference in the nodule number. 

Mr. McMILLAN: It is very important that you maintain the same 
section size, and we took a %-in. section of test bar, far enough away 
from the gate to be unaffected by shrinkage at that point. In a %-in. 
section you may get finer counts and different conditions. 

Mr. McKINNEY: Referring to Mr. Cowan’s paper, our experience 
differs decidedly from the statement Mr. Cowan makes that in the first 
stage of the anneal, a carburizing atmosphere should be used. Usually 
a carburizing atmosphere will greatly retard the first stage of anneal 
because there must be some start of movement of carbon toward the 
surface. We had one practical experience in which we had some of our 
packing material become contaminated with coal and coke, and it was 
absolutely impossible to anneal in anywhere near the same length of 
time as it was when the packing was either inert or oxidizing. 

MEMBER: In regard to the particular point just mentioned, we took 
a piece of cupola malleable, silicon 0.67 per cent and carbon 3.10 per 
cent, and annealed it in the laboratory furnace in an atmosphere of CO. 
When it was removed, at about 1000°F., it had no skin, and we could tell 
by the short break that apparently the tensile was extremely low. We 
put it back in the furnace and held it for 25 hours under the same at- 
mosphere, took it out, and we had about 22 per cent elongation on that 
piece. The first anneal was carried out in 8 hours from the time it en- 
tered the furnace. 

Mr. McMILLAN: Was that a constant equilibrium CO or was it a 
flow? 

MEMBER: That was a constant equilibrium CO. There was no flow. 
The tube was sealed. 

Co-CHAIRMAN JOSEPH: In some of our experience on radiant tube 
malleableizing ovens, we added to one of our ovens a Charmo gas which 
runs very high in carbon monoxide, around 30 per cent, and the iron 
malleableized in the same time as the iron going through a radiant tube 
oven where the carbon monoxide is very much lower. In fact, when we 
first malleableized iron in our radiant tube ovens, we used DX gas in 
one oven and the atmosphere at the first part of the furnace ran around 
15 per cent carbon monoxide and 3 per cent to 4 per cent carbon dioxide. 
As the work progressed through the oven the carbon monoxide dropped 
off to around 12 per cent at the middle of the oven, and, toward the end, 
the gas became leaner, possibly around 11 per cent CO and around 7 per 
cent CO,. In recent years that has been changed, due to the fact that 
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we have changed to this Charmo gas, which does not give a much higher 
carbon monoxide content gas in the oven. We have found no change in 
the annealability of the iron with the rich atmosphere. In fact, with 
the rich atmosphere in the production of pearlitic malleable we find that, 
naturally, the carbon nodules come to the surface of the casting. With 
the lean atmosphere, which runs higher in carbon dioxide, the carbon 
nodules are in from the surface of the casting, so you naturally do get 
more decarburization. The atmosphere runs around 12 per cent CO and 
7 per cent CO, against the higher carbon monoxide atmosphere of possi- 
bly 20 per cent to 30 per cent CO and around 1 per cent to 2 per cent 
CO,. 

Mr. McKINNEY: It is really not the definite content of either one gas 
or the other that counts, but the balance between the CO and the CO,,. In 
fact, any atmosphere will anneal perfectly well. It is just the speed at 
which it is done with one or the other. The important thing is really 
the balance of CO to CO, and not the gas that you put in. 

MEMBER: Would Mr. Junge care to elaborate just a little bit on the 
relation between degree of cooling and kinetics of graphitization. 

Mr. JUNGE: We know that in thin sections we probably have a higher 
rate of cool than we do in heavy sections in the white.iron, and we prob- 
ably have a finer structure of carbide and austenite occurring at the 
freezing temperature. If we have a finer distribution of these two con- 
stituents, we have a greater surface area, and we have more opportunity, 
perhaps, for graphite nuclei to form than we do in the heavier section. 
As a matter of fact, in thin sections there is a higher nuclei number 
than in heavy sections, and the explanation that I have is that there is 
more surface area and, therefore, possibly more austenite-cementite in- 
terface. 

Dr. Loric: In regard to the same paper, I would like to ask Mr. Junge 
if he feels that all white iron is supercooled prior to its solidification. 
If that is so, then the liquid metal in the center of a solidifying mass of 
white iron must also be undercooled, even though it is in contact with 
solid iron crystals and the rate of cooling may not be particularly rapid. 
Any mechanism for explaining the solidification of white iron must also 
explain how a white iron core can sometimes be found in a section of a 
casting completely surrounded with a heavy rim of graphitized iron. 
Sometimes the white iron areas are merely spots. The graphitized iron 
may have a structure characteristic of gray iron. This raises the ques- 
tion whether there are local areas which may be supercooled in a freez- 
ing melt. Can such a situation exist? 

Mr. JUNGE: I might give my own personal opinion about what hap- 
pens in inverse chill which is a gray iron condition and may occur in a 
cooling fin or a rib or maybe just at the surface of a lurge, heavy cast- 
ing. It will be found on fracture that the edges of the fin are gray and 
the center is normal white iron, without even any tendency to form 
mottled iron. My conception of what occurs there is that we freeze the 
outside or we freeze the rib as white iron. We freeze it rather rapidly 
compared with the center. We have conditions set up for easy graphi- 
tization compared with the heavy section. Then we reheat it in the solid 
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state back to a temperature where graphitization in the solid state can 
actually occur. I believe if we look over some of the work of Dr. R. 
Schneidewind, University of Michigan, we will find that he feels that 
these supercooled structures, as he calls them, the eutectiform graphite 
in dendritic patterns, result from freezing to a white iron, and then 
graphitizing in the solid state to an aggregate of iron and graphite. 
Concerning experiments similar to Dr. Schneidewind’s, but conducted on 
a white iron, using a wedge mold such as he used, I have nothing to offer 
but I think it would be quite interesting and not particularly difficult to 
follow up and see what happens. 
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Abstract 


This paper is one of several papers from A.F.A. mem- 
bers of South and Central American countries for 
presentation at the Western Hemisphere Congress Session 


’ 


sponsored by the Assuciation. Dr. Geiger, in this paper, 
makes a plea for a better understanding of foundry prob- 
lems on the parts of engineers and designers of those 
countries which are now fast developing their industries. 
He first submits general notes on considerations of design- 
ing for economy and quality in castings, reviewing these 
points in detail, and shows illustrations of examples where 
these points apply. 


1. Many shop difficulties could be overcome and great economies 
could be made if care was taken in design details. Generally, drafts- 
men, when laying down a design, are thinking only of the action of 
the new machine while rarely do they study the possibilities for 
casting, forging, and machining the detailed parts. This fact re- 
sults from the lack of experience they have in everyday foundry 
and machine shop problems in setting parts in machine tools, in 
preparing complicated molds, in erection, ete. 

2. Usually draftsmen and designers have grown up in the draft- 
ing departments and not in foundries, workshops, ete. They are 
highly specialized in making beautiful drawings, in questions about 
standardization of sheets of tracing paper and in the numbering 
and classification of drawings, but they do not feel responsible for 
what happens when the machines of their drawings go in to pro- 
duction, if the production men do not advise them with practical 
suggestions. While this is, perhaps, not happening in the more 
advanced industrial countries, unfortunately it is an everyday 


* Industrial Consuiting Engineer, Maquinas e Construcoes. 
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matter with those technicians working in countries where industry 
is now just developing. Conditions are bad when men are self- 
centered and jealous, when they will not accept any suggestion 
because they would then have to descend from their pedestals. 
Many of these ‘‘difficult to get along with’’ men are scattered 
in the workshops and in the drafting rooms of our old and suffer- 
ing world. 

3. In our countries, where industry is just now in the develop- 
ment stage, a few men are found who want to follow the prac- 
tices as used in the more advanced industries of the more advanced 
countries. These men want to overcome the lack of knowledge of 
advanced processes and of skilled men; they succeed sometimes, 
but at what a cost. They want to change over from the primitive 
casting, forging and machining methods, though the cares of su- 
pervision and the lack of time do not permit them to give atten- 
tion to the details of the work that is needed. They want to make 
large and complicated machines, but the condition under which 
they work leads to difficulties, this being perhaps caused by a lack 
of study of the details. 

4. Some of our problems are to cast huge hydraulic press parts 
and large pneumo-hydraulic accumulators in a small steel foundry, 
to make castings instead of forgings, and to obtain tolerances of 
0.005 in. with old or homemade machines. In order to get initia! 
economy, through using poorly designed parts and poor foundry 
methods, the steel castings are often quite defective due to blow 
holes. Those making the castings attempt to remedy their defects 
occasioned by their poor furnace and molding practices—they will 
not take suggestions for improvement—by filling holes by welding. 
In welding the first weld often cracks when a second weld is being 
made, and so one weld leads to another for a long succession of 
welds and time. They will, however, continue to make these large 
high-explosive pneumo-hydraulie accumulators and they will con- 
tinue to make the huge presses. They do not have adequate sized 
machines to finish the larger parts but they do this work in small 
sections, setting them up by hand, and, when possible, rigging up 
a lathe or grinding machine to cope with this work. 


‘ 


5. Considering the above mentioned ‘‘work atmosphere,’’ it 
seems appropriate to recommend to these men some rules of good 
machine design, the first referring to casting practices, as generally 
the foundry work is the first performed in producing a new ma- 
chine. These rules for the design and production of castings seem 
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to be most needed in those plants working along the lines mentioned 


above. 


NOTES ON THE DESIGN OF CASTINGS 


6. (A General : 

(] It is always desirable to consider the possible eventual 
necessity for quantity production of a part, even if at the time of 
the design only one piece is needed. 

(2) Avoid unit construction of large designs or pieces of very 
complicated design. Consider the difficulty of supporting large 
and heavy or complicated cores. Remember that not everywhere 
are available foundries capable of making larger castings success- 
fully and that many are not equipped for large capacity. Perhaps 
all these and other needed things will not be found in any one 
foundry. Accordingly it is better to make the design of a large con- 
struction as an assembly of several smaller parts which may be 
machined separately and fitted together later, using shoulders 
or pins for the alignment and fastening the parts together by bolts, 
screws or other means. 

(3) Avoid protruding parts such as brackets, arms, ete. They 
should be made from separate patterns which after casting and ma- 
chining may be secured and aligned to the principal body. This 
provides an easier and more economical method than if they were 
cast as one piece with the prineipal body. 

(4 For large circular designs of castings the molds may be 
made with sweeps, as in loam or sweep molding without the use of 
expensive flasks, using pits in the foundry floor. Study this possi- 
bility when designing such parts. 

(5) For the smaller parts avoid designing with panels or walls 
less than 14 in. thick because of the possibility of chilled sections 
due to fast cooling. For quantity production of small parts, not to 
be machined, a thickness of 5/32 in. in settions may be used, for 
even if a certain percentage of pieces is rejected because of chilled 
sections, the economy obtained by the lighter weight compensates. 

(6) Specify on the drawing, the special properties needed in 
the metal to be cast, such as hardness, soundness, acid resistance, 
indicating these in such a way that the foundry will exercise spe- 
cial care in selecting the metal to be employed and the process used 
in molding. 


(7) When a cireular or cylindrical part which will later be em- 
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Fic. 5—(Lert) WronG and (RIGHT) Correct Drart To Permit EASE OF PATTERN’S WITH- 
DRAWAL,. 


ployed in two or more parts but which will be machined to size as 
only one piece (example, a bearing), it has to be cast as one piece 
too, for later on it will be divided or cut apart as necessary for 
installing, only after first being machined. 

7. (B) Choice of Materials: Points to consider in choosing 
metals for parts to cast: 

] Remember that cast iron cannot be used where elongation 

or bending are necessary qualifications. 


2) Specify definite minimum requirements for stresses to be 
met by the metal as these cannot be left up to the judgment of the 
foundryman who does not know under what conditions the castings 
he is making are to be used. 

3) When eastings have to resist the action of heat or acids, 
alkalis, sea water, ete. it is best to avoid designs where chaplets 
must be used to support cores; the design should provide for the 
support of the cores through core prints. 

(4) Avoid use of designs of castings needing chaplet support of 
cores where the castings will have to withstand high internal pres- 
sures. 

8. (C) Shape of Parts: 

(1) Study design of parts to permit for ease of drawing pat- 
terns from molds. 

(2) Wherever possible design of parts for castings having 
undereuts or bosses should be avoided. 

(3) The pattern should be divided in the simplest manner; 


avoid the need of many subdivisions. 

(4) Ribs, bosses and every protruding part of the pattern 
should be so designed that, as parts of the pattern, they may 
be drawn from mold as fixed part of the main pattern, and is so 
drafted that the pattern does not require loose pieces. 
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(5) Wherever it is possible, avoid the need of cores. 
(6) If cores are unavoidable, design the part: 
(a) So that the cores do not require chaplets for supports, 
(b) So that the cores can be reinforced by arbors, or rods 
when needed. 
(ec) So that it is possible to remove the arbors from the cored 
hole and for ease in cleaning the cored hole. 
(d) To require the least number of cores in any one mold. 
e) So that the cores may be made and drawn on core ma- 


chines. 
9. (D) Design Considerations for Casting Ease: 
(1) Thicknesses of sections of patterns must be so propor- 


tioned as to permit steady flow of the metal, avoiding sections which 
would interrupt the flow of the metal which would cause cold shuts. 

(2) Patterns should if possible permit cores to be vented from 
the top to permit ease of escape of the gas, and patterns so designed’ 
that the castings ean be filled from the bottom even though it is 
necessary to use specially prepared runners to get the metal into 
the casting at the bottom. 

(3) Design the part so that it may be molded with any ma- 
chined surfaces in the drag side of the mold as the drag side of the 
casting is the easiest to produce with the least blemishes. The 
designer can aid in this by designing the part for ease in drawing 
the pattern with the machined side down. 

(4) Avoid designs which necessitate molding large horizontal 
surfaces. 

(5) Avoid metal sections which will cause internal stresses and 
shrinks. Provide for possible machining of ribs and bosses. 

(6) Avoid abrupt changes of thickness and sharp corners. 

(7) Consider shrinkage possibilities. Make provision in design 
so that on cooling no parts of the casting are stressed either by ten- 
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Fic. 6—Curvep Surraces RequiRING HAND FINISH OF PatTTrerRNS (LEFT) More Costly 
Han Stratont Surraces (RIGHT). 
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sion or compression where free contraction is hindered. 
(8) Design for large fillets, especially for parts which have to 
be heat resistant or fatigue resistant. Sharp corners are liable to 


cause cracking of the castings in such use. 


10. (E) How to Avoid Shrinks and Internal Stresses: 

(1) If shrinkage is unavoidable, make provision so that the 
shrinkage will occur in feed heads or runners. 

(2) Holes and shrinks appear in: 

(a) The heaviest sections. 

(b) Ribs, bosses and fillets where they join with the main 
section. 

(ec) Where gases cannot escape from the mold surface. 

(3) Internal stresses and cracks are most likely to occur when 
the pattern has uneven sections or abrupt changes of sections caus- 
ing uneven cooling. To avoid this: 

(a) Design for even distribution of metal and thicknesses 
of section permitting uniform solidification. 
(b) Relieve internal stresses by designing pieces as curves. 

ll. (F) Casting Cleaning: 

(1) Provide for use of cleaning all casting surfaces, internal 
and external. 

(2) Design parts with openings to permit the withdrawal of 
core irons and supports and to permit ease in removing the cores. 

12. (G) Tolerances: 

Deformation of wood patterns caused by ramming of molds, im- 
perfections in cores, metal shrinkage, etc., cause castings to have 
dimensions different from the drawing, so tolerances for sizes of 
castings should be indicated for those castings having surfaces to 
be machined (Figs. 1, 2, 3, 4). 


13. (H) Amount of Draft: (Fig. 5) 

Draft of 2° to 4° is needed to permit ease of drawing the pattern 
from the mold. This is of special importance for quantity produc- 
tion methods using molding machines. Marking of the drawing or 
blue print with the amount of draft is necessary to permit calcula- 
tions for space required for screws, ete. 

14. (1) Simpler Shapes: (Fig. 6) 

Curved shapes requiring hand finish of patterns increase the 
cost of patterns. 

15. (J) Bosses and Protruding Parts to be Machined: (Figs. 
7, 8, 9, 10, 11 and 12) 
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Fic. 12 


Fics. 11 AND 12—Wronc (Lert) AND Correct (RIGHT) DesIGNsS FoR BOSSES AND Pro- 
TRUDING PARTs. 
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Fics. 138 AND 14—Wronc (LerT) AND Correct (RIGHT) DESIGNS AND TOLERANCES FOR 
GetTInc Goop ALIGNMENT oF CENTER LINES oF CORRESPONDING PAkTs. 


Fic. 14 
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Table 1 


RECOMMENDED TOLERANCES FOR CASTING MEASUREMENTS 





—__—— Castings with Dimensions 
Tolerances for f on 2 fe 5 .. 1 to ; of oped mon 
. 20 inches 80 inches 80 inches 
Wall thicknesses + 6 +8 + 10 
(Plus or minus 
per cent) -2 —3 —3 
Outside dimensions 
(Plus per cent) +2 +1 + 0.5 


Length between center 

lines—C, Figs. 2, 3 

(Minus per cent) -] — 0.5 — 0.2 
Minimum thickness 

of bosses to be 

machined—( in. ) 3/16 9/16 ] 
Minimum clearance be- 

tween moving parts, 

one being machined, 


the other rough (in.) 3/8 9/16 ] 
Minimum clearance be- 

tween two rough 

parts (in.) 3/8 3/4 1 and 3/8 


Contours of bosses should have 30° slope to avoid the use of 
plastic fillets. Use of bosses should be avoided : 

(1) When they can be machined in by counterboring or mill- 
ing. 

(2) When a rib construction can be substituted for a line of 


=f 


| 


Fic. 15—Wronc (Lert) AND Correct (Richt) Design or PATTERN WHEN SEVERAL PRO- 
secTIONS Are To Be in Line—Use or One Rip on PANEL PREFERRED TO USE OF SEVERAL 
Bosses OR PROJECTIONS. 













































































ERNEST GEIGER 

















Fic. 16—--WHEN FLANGES ARE To Be Lert UNMACHINED Correct Way (Ricut) Is To 
Have ONE FLANGE Wier THAN THE OTHER. 
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Fic. 17-—Correct Way (RicHtT) To Staccer Riss as CoMPARED To ComMON Way WHICH 
Is Conpucive To SHRINK Spots. 











Fic. 18—LIGHTENING CASTINGS BY OPENING CoRNERS (RIGHT) PREFERRED TO PANEL CorEep 
Ho.ies (Lert). 
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Fic. 19—LicguTentnc Section (Ricut) MAKes For BeTtTeR CASTING THAN METHOD ON 
Lert, CONSERVING METAL. 
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Fic. 20—Correct (Right) Way To Repuce MEetTAL SECTION IN PREFERENCE TO LEAVING 
HEAVIER SECTIONS (LEFT). 
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Fic. 21—Correct Way (RicHT) To Ric For Core ON UNDERCUTTING PART. THIS WAY 
WITH RECESSION MACHINED OUT PREFERABLE TO UNDERCUTTING CORE ON LEFT. 























Fic. 22—Greater Size or Corgp Hote (RicgHt) iN Hyprautic Ram Castine Has ApvAN- 
TAGE OF SMALLER Core Hote ( Lert). 
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bosses difficult to locate and maintain in correct alignment. 

3) When bosses, made as loose pieces on the pattern, are liable 
to be misplaced or moved when the mold is being rammed up 
and when they form an undercut. In this case the boss should be 
projected as part of adjacent flange. 

4 In flanges where the holes are drilled from the inside so 
that the center of the hole is not likely to center in the boss on the 
other side. In this and some other cases it is better to substitute 
for the bosses a rib or to eliminate any boss or rib, thickening the 
flange and milling in it the locating surfaces for the nuts or the 
screw heads. 

(5) When bosses are on both sides of a panel, where difficulty 
may be experienced in getting these centered, it is best to make 


only the outside or the inside bosses. 


16. (K) Locating Surfaces: (Figs. 13, 14 and 15) 

In cases of setting up for machining, and getting the center 
line of the locating surface of one casting to agree with the center 
line of the corresponding part, the width of the two locating sur- 
faces should be different (Figs. 13 and 14). The surface pads should 
be so thick that in the case of a piece warping slightly on cooling, 
the finishing tool will not cut under the hard skin of the casting. To 
avoid a new setting of the planing or milling machine for each pad 
to be surfaced, all the pads should be at the same level (panel of 
uniform thickness is preferable) as only one reference surface is 
obtained to speed setting up the part for machining. 


17. (L) Flanges: (Fig. 16) 

When flanges are to be left unmachined, one must be left 44 to 
9/16 in. wider than the other. 

18. (M) Ribs: (Figs. 17 and 18) 

Ribs. as in the cases illustrated, should be staggered to avoid 
high internal stresses or shrink spots produced during contraction 
and cooling of the casting. This is preferable to the use of insert- 
ing cored holes in the center of rib junctions or centers of the 
panels for the cores may be difficult to support. Holes in the 
corners are advantageous for they decrease the quantity of metal 
to be used. 

19. (N) Lightening Metal Sections: (Figs. 19, 20 and 21) 

Avoid the use of excess metal and cut down machining, yet main- 
tain sufficient strength. Fig. 19, aa is of the same order as ‘‘b,’’ 
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Fic. 2 PROVIDING FoR Core Support (RiGHT) WITH EVEN SECTIONS PROMOTING FEEDING 
oF Meta. AS CONTRASTED WITH Less DESIRABLE DESIGN ON LEFT. 
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Fig. 24—Correct Design (RicHT) DRAFTED FoR LOCATING EARS AND SUPPORTING COLLARS 






































AS COMPARED TO INCORRECT DESIGN (LEFT). 











Fic. 25—Correct DesicGN ‘RicHtT) For Part Havinc THIN ProtTruDING SECTION. THIS 
DesigGN SHows MAKING ProtrRUDING SECTION AS SEPARATE CASTING AS COMPARED WITH 
INCORRECT DESIGN ON THE LEFT. 


and the undercut of Fig. 20 is half the width of the bearing. The 
undereut collar of Fig. 21 presents difficulties in drawing the pat- 
tern from the mold, it would be better to make this undereut by 
machining the casting. 


20. (P) Cores: | Figs. 22. 23 ) 


For economy in core boxes, especially when the part is ribbed, 


care should be taken to have only a few types of cores, standardiz- 
ing the shapes; also, care must be taken in designing to provide holes 
to permit access to the interior of the casting for cleaning the in- 
side and to provide core paint support for the cores in the molds. 
In the case of very long cores, such as for hydraulic pumps, the 
diameter of the core should be from 1% to 4 in. larger than the 
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diameter of the piston (Fig. 22), so it will not be necessary to ma- 
chine the inside of the cylinder if the core has been slightly off 
center in molding. When the length of the core is more than twice 
the diameter, two core support points are necessary and so a sec- 
ond supporting hole is made in the end of the cylinder. The ears 
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Fic. 26—Correct Design (RIGHT) WHEN ADDING PAvs AND Bosses. THis Design SHows 


Bosses DRAFTED IN SAME DIRECTION WHICH IS PREFERABLE TO DESIGN SHOWN ON THE 
LEFT. 











Fic. 27—LocaTING SuRFACES SHOULD Be HorIZONTAL OR VERTICAL. CoRRECT DESIGN (LEFT) 
Not INCLINED AS THIS WiLL LesseN DANGER OF INCORRECT ALIGNMENT. 
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Fic. 28—Prererrep Provision (RicGHT) For CRANE HANDLING oF Heavy CasTINGs Com- 
PARED WITH Less DesIRABLE ForM ON THE LePFT. 
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protruding from the cylinder of Fig. 22 are for location and hold- 
ing the casting in the lathe. 


21. (Q) Locating Ears and Collars: (Figs. 23 and 24) 

The need for locating lugs and supporting collars should be fore- 
seen to provide for the location and holding of the casting in the 
machining operations. 


22. (R) Protruding Parts: (Figs. 25, 26, 27 and 28) 

Very thin protruding parts which can be broken off in shipment 
add molding difficulties and it is better to make these as separate 
parts. When many bosses or pads are needed, it is simpler to place 
them all on one side of the casting so that they may be machined 
with only one setting of the part in the machine tool. 


23. Loeating surfaces should be horizontal or vertical and not 


inclined, for if inclined the correct setting of the piece in the ma- 
chine will be very difficult as a lateral displacement will mean a 
vertical displacement also. In this case a reduction in weight is not 
an economy for ease and accuracy of machining is of more impor- 
tance. Remember too, provision should be made for holding or 
lifting a heavy part by a crane (Fig. 28). Protruding hooks are 
best for this purpose. 


CONCLUSION 


24. Many more observations and recommendations could be 
made in this field of designing for better production, many being 
of direct foundry interest without being needful information to 
the designer. For instance there is a development of a coiled wire 
type of support for large cores, one end of which protrudes from the 
mold to provide for an electrical connection to heat the core sup- 
port which keeps the metal at that point heated to prevent shrink- 
age holes; also, there is the use of aluminum powder to raise the 
temperature of metal to produce better castings but space does not 
permit the further elaboration of this subject. 

25. It is our hope that these remarks may hasten the fuller 
understanding of the designer of foundry problems, promoting 
greater cooperation between the engineer and foundryman in these 
times of emergency. 


¥ 
4 
¥ 
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The Foundry in Mexico 


By H. H. Minuer*, Torreon, Mexico 


Abstract 

The author gives a clear picture of the problems and 
work of the foundrymen of Mexico, covering various 
Mexican industries and discussing the diversity of pro- 
duction in a Mexican foundry. He tells of the difficulty 
being encountered now in trying to get parts and metals 
from outside countries and describes the way in which 
he and his fellow foundrymen are meeting the situation 
to keep the industries moving. 


1. Now that it is impossible to get new machinery and spare 
parts from Europe, as well as difficult, and in some eases, impos- 
sible, from the United States, it is up to the foundries and machine 
shops located in Mexico to keep the wheels rolling in all classes of 
industries. Considering the limited number of large and well 
equipped shops and the scarcity of many necessary materials, this 
is an order that taxes our capacities and ingenuity to the utmost, 
but so far we are doing it. 

2. There are no foundry associations in Mexico and practically 
no attempts at cooperation or exchange of ideas between foundry- 
men, so one who is busy with his own problems does not have much 
chance to keep posted on what the rest are doing. For this paper, 
the writer will have to draw to a large extent on his personal experi- 
ences and observations which, however, cover a part of three or 
four states and, in a general way, will apply to the whole of the 
country. 


MEXICAN INDUSTRIES 


3. Mexico has a variety of climates, and in topography ranges 
from tropical jungles to arid table lands and high mountains. Each 
section has its particular lines of industries, each one with its par- 
ticular kind of work and problems for the foundry and machine 
shop. Mines and smelters probably give more work to the foundries 
and shops than any other single industry. In some sections, there 


* Fundicion de Bronce Miller (Milier Brass Foundry). 
Note: This paper was presented before the First Western Hemisphere Foundry Con- 
gress at the 46th Annual A.F.A. Convention, Cleveland, O., April 20, 1942. 


165 





166 THE FOUNDRY IN MEXICco 


are the oil wells with pumping installations and refineries; cotton 
spinning mills in others; breweries and distilleries; sugar mills and 
refineries; cement mills; two or three glass factories; cotton seed 
oil mills and soap factories ; one dynamite factory and the railroads. 
Then, there are many highly specialized industries, large and small, 
requiring special machinery not manufactured or used anywhere 
else that has to be designed and built by the locai foundries and 
shops. 

4. There are many diesel engines, large and small, of American 

and European makes, in use in all parts of Mexico. Even in normal 
times, a large part of repairs and replacements for these was made 
in local foundries and machine shops and now practically all of 
them will have to be made here. 
5. The Torreon Foundry and Machine Company of Torreon at 
present has its machine shop almost full of cylinders, cylinder 
liners, cylinder heads and pistons for large diesel engines. The 
patterns were made in their own pattern shop; the castings in their 
foundry, which is dedicated exclusively to cast iron. They have 
many tools and special apparatus manufactured in their machine 
shop for handling this class of work. They also are making a num- 
ber of retorts for extracting mercury from mercury ore, for there 
is a considerable amount of mereury in Mexico and with the present 
large demand and high prices, many with small capital are working 
mercury deposits that in normal times did not pay. This means 
quite a lot of work for the iron foundries. 

6. This same company has the concession for the manufacture 
and distribution of the Nordstrom valves for the entire republic, 
and makes them in all sizes from %-in. to 10-in., finished and tested 
in all respects equal to the ones made in the parent factory in Cali- 
fornia. The patterns, foundry equipment, turret attachments for 
lathes, special tools, jigs and special machines for finishing the 
valves were all made in the foundry and machine shop of the Tor- 
reon Foundry and Machine Company. As far as is known, no one 
else makes iron valves in Mexico. 

7. There are four factories, two in this state, one in the state of 
Zacatecas, and one in the state of San Luis Potosi, for extracting 
rubber from ‘‘guayule’’ (wy-u’-le), a shrub that grows wild on 
the semi-desert plateaus of this section of Mexico. With the excep- 
tion of an experimental plant in California, they are the only ones 
of their kind in the world. Few people of the outside world even 
know of the existence of this industry and very, very few know 
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anything about-the process used. Three of the factories here and 
the one in California are owned and operated by the Continental 
Mexican Rubber Company and represent an investment of several 
millions of dollars. These companies use a lot of heavy machinery 
especially designed for the work, and the Torreon Foundry and 
Machine Company has manufactured practically all that is in use 
in the Mexican factories as well as the California plant. The 
heaviest jobs for the foundry are the two and four roll crushers with 
chilled or steel-jacketed rolls weighing from 114 to 11% tons each. 
The company recently doubled the capacity of its Torreon factory 


which was a good-sized contract for the foundry and machine shop. 


Each of the factories also has its own machine shop which is kept 
busy all of the time on new constructions and repairs. We make 
some heavy bushings and bearings for the crushers and other 
machines. 


8. The Monterrey Steel Works of Monterrey, and the Consoll- 
dated Rolling Mills and Foundries Company of Mexico City make 
steel rails, iron bats and all kinds of structural steel work. They 
also have large, well equipped iron and brass foundries and ma- 
chine shops. The railroads have their own iron and brass foundries 
and machine shops, while practically all of the smelters, industrial 
plants and large mines have machine shops, and some of them, 
their own iron and brass foundries. Most of the iron foundries also 
make brass, the majority of the brass being melted in tilting oil- 
fired furnaces, some of the foundries using the erucible furnaces. 
Very few molding machines are in use in Mexico. 


9. In Guadalajara, there is a factory which makes brass valves 
and plumbers’ fittings on a large scale, and the writer believes there 
are one or two other smaller factories. In Mexico City there is one 
large valve factory and several smaller ones, and there are a few 
small ones in Monterrey. The valves made in this country sell for 
much lower prices than those made in the United States, but many 
consumers prefer the American-made valves even at higher prices. 
Stocks of imported valves are now getting low in the hardware and 
machinery supply houses, and there will be an increase in the sale 
of the Mexican product. 


DIVERSITY OF PRODUCTION 


10. With the exception of those making valves, the foundries 
dedicated exclusively to brass do not specialize in any particular 
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line but work at anything that is offered. Our company made a 
bronze cannon for Francisco Madero when he was revolutioning in 
this part of the country back in 1911 and has made over 50 church 
bells. Onee we had a run on ornamental brass lamps for city streets, 
and parks, facades for theaters, ete. During one city administra- 
tion, we made bronze plates for a number of public buildings and 
some bridges. A few years ago, our company put a ton and a half 
of brass in a communion rail and a thousand pounds in a base for a 
pulpit for one of the churches in Torreon. Later, we took a contract 
to face two small altars in the same church with cast and sheet 
brass. That took another ton and a half of castings. We started 
on the job after the war in Europe had been going on for some 
time and stocks of sheet brass were low. We could not get any 
from the United States, or at least not without long delays, so the 
priest in charge of the church and the writer combed Mexico to 
get enough to finish the work. These are exceptional jobs, how- 
ever, and just serve to divert our minds from the ordinary run of 
troubles which beset the poor foundryman in this country. 


REGULAR WorRK 


11. Our regular line of work is bars, bushings, engine brasses, 
journal bearings and all kinds of castings for repairs, as well as 
new installations for mines, smelters and industrial plants located 
in this and two or three adjoining states, with an occasional order 
from more distant parts. Our company makes bronze bars for air- 
plane valve guides that go to Merida, Yucatan. They are shipped 
from here to Mexico City by express and from there to Merida by 
their own airplanes. We make the same class of castings for the 
air lines working out of Torreon. 

12. The Electric Bond and Share Company owns a large part of 
the light and power plants in Mexico. One of the executives has 
invented a device which he calls an ‘‘adapter’’ and which is put on 
the light meters to make it more difficult to use devices for bypass- 
ing the meters so they will not register. They are installed on prac- 
tically all of the company’s light meters in the country, and they 
have an 11/64th-in. screw with 32 threads to the inch and a spe- 
cial head. We tried to get them made in the United States, but the 
screw manufacturers were not interested. We solved this preblem 
by buying a bench lathe for a mechanic who has a little shop hidden 
away in a back room of his house where he and his boys do all the 
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work and do not pay any taxes. There are no salaries or double- 
time for overtime there, and they make the screws at what, in the 
States, would be considered a ridiculously low price. There are 
hundreds of these small shops scattered around the small towns 
and cities. Many of the owners are expert mechanics and do jobs 
you would hardly expect to have done anywhere outside of the 
regular factories where special tools and equipment are available. 
In our foundry, we make the adapters in lots of one or two thou- 
sand, using an aluminum match plate and snap flask to cast them 
in green sand. 

13. The Laguna district, of which Torreon is the commercial 
center, is primarily an agricultural country, and modern, up-to- 
date machinery is used on most of the farms. Practically all of 
this machinery has been imported from the United States and 
Europe. Now stocks of spare parts are getting low with no hope 
of getting factory-made parts for the European machines and not 
much more for those of American make, so they are being made in 
local foundries and machine shops. Many of the small parts regu- 
larly made of malleable iron, cast iron or steel are now being re- 
placed with castings made of brass. Sometimes we use the cold cast- 
ings for patterns, using wood patterns for some and aluminum pat- 
terns for others. We make them in lots of fifties and hundreds, 
molding them by hand in green sand, or, if there are likely to be re- 
peat orders, we make match plates of aluminum and use snap flasks. 
These same pieces are made by the thousands, perhaps hundreds of 
thousands, on molding machines in the factories. 

14. The crops of the Laguna district depend entirely on irriga- 
tion from the Nazas River, supplemented by water from wells. 
There are hundreds of drilled wells using large capacity centrifugal 
pumps and deep turbine pumps. There is a never-ending strean 
of orders for repairs and replacements for them coming into the 
foundries and machine shops. There is also continual drilling of 
new wells which requires either new or reconstructed pumping in- 


stallations. There are several sections of Mexico which depend on 
irrigation either from rivers or wells, so the foundries and machine 
shops in each section have to take care of their installations the 
same as we do here. 


15. Pumps of all kinds are used by mines, smelters and indus- 
trial plants in all parts of the republic, so pump runners, bushings 
and other parts, even to the bodies of the pumps themselves, have 
always given a lot of work to the foundries and machine shops. 
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Now, perhaps all of them will have to be made here. The major part 
of these pieces made in the Mexican foundries are cast of brass, 
although the originals from the factories are of iron. We have to 
make patterns for all of the pieces, taking the old castings for 
models. It requires a skilled patternmaker to make patterns for 
runners, some of which are of intricate design. Comparatively few 
of the Mexican patternmakers can make them as they really should 
be made, and patterns made by jack-leg carpenters posing as pat- 
ternmakers give us an endless amount of trouble. 

16. Not long ago, a molder and helper in our shop spent a whole 
day trying to make a mold from a pattern sent in by a client and 
then had to throw it away and have our own patternmaker make 
a new one. The client who is an agent for a line of pumps goes to 
the United States and spends a few days in the factory each year. 
He tells us that in the factory girls make several of the molds in an 
hour on a molding machine. Now he cannot get the runners from 
the factory, and we have to make them for him. Our castings will 
not come out of the sand as smooth as the ones from the factory 
and will take more work to finish, especially as the machine shops 
do not have the proper equipment, but once finished and in the 
well, they will give the same service as the imported ones. 

17. In the foundry, we make the cores and molds by hand, 
baking the cores, of course, and sometimes using iron flasks and 
drying the molds in the core oven. 

18. A large part of the brass castings in Mexico is made from 
scrap and, in some cases, of just whatever serap is at hand, regard- 
less of quality. The consumers as a rule are not so exacting as they 
are in the United States, and it is surprising to see what the 
foundries and machine shops use at times. Some years ago, the own- 
er of a small shop bought some of the poorest quality brass bars we 
had in stock. We found out later that he used them for valve guides 
and bushings in an airplane motor. So far as we know, the plane 
was never wrecked on account of the bearings. 


METAL SITUATION 


19. To get back to the question of scrap: At the beginning 
of the war in Europe, large quantities of scrap iron, steel and brass 
were shipped there and, also, to Japan. All parts of the country 
have been combed for all kinds of serap and speculators have 
bought up and are holding considerable amounts of brass and 
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copper for higher prices, with the result that now foundries all 
over the republic are pretty well up against it for prime materials. 
Zine is mined and refined in Mexico, so we presume that we will al- 
ways be able to get what we need, but the price is going up all the 
time. Formerly we used English tin when we wanted to make really 
good bronze castings or church bells. Now that is entirely out of 
the question, and we have to depend on native tin. 

20. There is quite a lot of placer tin in Mexico, as well as some 
tin mines, but for some reason or other, they do not seem to be 
worked as extensively as they ought to be. As near as the writer 
can find out, most of the tin we get is from the placers. The peons 
pan it out in about the same way as the ‘‘forty-niners’’ panned 
gold, or, after heavy rains, they just pick up the nuggets in the 
beds of the streams. Many of them smelt, or rather sweat it out in 
the hills or in their houses over charcoal braziers, letting it run 
down on the ground where it spreads out into irregular shapes, and 
they sell it in that form without even running it into bars. Former- 
ly, we could buy this tin at a low price but it contains considerable 


impurities, so, while we could get English tin at a reasonable price, 


many of us used the English tin. There are a few tin refineries in 
Mexico that smelt the stream tin nuggets and some tin from the 
mines, guaranteeing their product to be 98, 99 and 99% per cent 
pure, according to their brands. 

21. One of our customers, a large mining company, bought up 


‘ 


several tons of this ‘‘stream’’ tin some years ago and has been send- 
ing us what we need to take care of their orders. It runs about 95 
per cent pure. Just a short time ago they advised the writer that 


their stock was getting low. 


CONCLUSION 


22. As mentioned in the beginning of this paper, the writer’s 


personal experiences and observations will apply, in a general way, 
to the rest of the foundrymen in Mexico and will give an idea as 
to what we are doing in trying to keep the industries moving, doing 
our part in helping to win the war and to ‘‘keep ’em flying.’ 
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Comments on the Brazilian Foundry Industry 


By H. A. Hunnicuttr*, Sao Pauto, BRAzIL, AND New York Crrty. 
mn. x. 


Abstract 

In this paper the author gives a general survey of the 
foundry industry in Brazil and describes some of the 
changes being brought about in it by the stoppage of 
imports of foreign machinery and steel products. He 
compares Brazilian cast iron and pig iron to those of the 
United States and tells what some of the more progres- 
sive foundrymen are doing in the field of sand control, 
cupola operation, metallography, etc. Two technical re- 
search institutions are now supplying the industry with 
information and test results, filling a great need for 
technical and other data. 


INTRODUCTION 


1. It is not possible to give here a complete and detailed report 
on the Brazilian foundry industry, although such a study would be 
definitely valuable toward the promotion of understanding and good 
will between the foundry interests of these two largest countries in 
the Western Hemisphere. Conditions and state of development of 
the industry in these two countries are so widely separated that no 
effort will be made to compare them point for point. Furthermore, 
the foundry field in any country has so many factors and phases 
influencing it that nothing but a very brief and general discussion 
of the Brazilian foundry industry ean be attempted here. 

2. Anyone concerned with obtaining information about many 
industries in Brazil, including the foundry industry, finds it a very 
difficult problem in that there is a lack of available statistical data. 
Practically the only solution is for one to go out and get it himself, 
a rather laborious, expensive and time-consuming procedure. This 
deficiency can no doubt be traced to the fact that there are no 
trade or technical associations similar to the American Foundry- 


* Industrias Chimicas Brasileiras ‘“‘Duperial,”’ S.A. Sao Paulo, Brazil, and The Inter- 
national Nickel Co., Inc., New York City, N. Y. 

Note: This paper was presented before the First Western Hemisphere Foundry Con- 
gress, 46th Annual A.F.A. Convention, Cleveland, Ohio, April 20, 1942. 
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men’s Association, nor trade papers, devoted to supplying the 
foundry industry with technical and other data. 

3. The only way in which the personnel of the industry is linked 
together is through the ‘‘sindicato,’’ or brotherhood, established 
by the Brazilian government in pursuance of its social policies. This 
organization furnishes its members with accident compensation, 
hospitalization and retirement pay, as well as legal assistance in 
maintaining its members’ rights as guaranteed by other federal 
labor laws relating to working hours, vacations with pay, lay-off 
protection, ete. These privileges are financed from a fund derived 
from contributions of 6 per cent of the member’s salary, divided 


‘ 


equally between employer and employee. The ‘‘sindicato’’ does not 
concern itself with giving technical service to the members. 

4. It is very gratifying to note that the American public is now 
better informed about Brazil than they were several vears ago. In 
spite of the preoccupation with the national emergency that con- 
fronts us, it, no doubt, has been learned that Brazil is larger than the 
United States in area, has one-third the population, and that the 
language spoken is Portuguese. Brazil has 20 states which can 
usually be divided into three groups: northern, central, and south- 
ern. In all three, the population densities are largest along the 
coast and that is where you will find most of the foundries. There 
are probably not more than 400 gray iron, non-ferrous, steel and 
malleable iron foundries in all Brazil. Geographically these can be 
roughly distributed as follows: 15 per cent in the northern zone, 60 


per cent in the central zone and 25 per cent in the southern zone. 


LOcATION OF INDUSTRIAL CENTERS 


5. Population and industry in the northern zone are concen- 
trated along the eastern seaboard, familiarly known as the ‘‘hump’’ 
of Brazil. Most of the foundries located here are units of the 
maintenance and repair shops of the large sugar plantations and 
textile mills, which form a very important factor in this area’s 
economical structure. 

6. Travelling south along the coast to the central zone, we find 
that its hub is at Rio de Janeiro, capital of Brazil. Although the 
city’s most important function is to administer the government of 
Brazil, there are many important industrial concerns located there, 
some of them branch factories of American firms. Rio de Janeiro 
is considered a tourist’s paradise by Brazilians as well as foreigners; 
so many owners of small factories and farms in the outlying states 
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go there to combine pleasure and business. This gives rise to a 
small machine manufacturing industry, which, of course, depends 
on foundries for its cast shapes. Consequently, there are a number 
of independent foundry jobbers, but, in general, they are attached 
to machine shops. It is difficult to say which started first—ma- 
chine shops needing castings, or foundries which started their own 
machine shops. Probably the best designed commercial foundry in 
all Brazil is that operated by the Rio de Janeiro Tramway Light 
and Power Company, Ltd., as one unit of their $5,000,000 repair 
shop built from scratch about 15 years ago. The other large 
foundries in the city are almost all of long standing and produce 
from 100 to 250 tons a month each, in sanitary castings, stoves, and 
machine parts. 

7. Northeast of Rio is a sugar growing center, with its large 
self-contained factories and plantations. These naturally have their 
repair shops and foundries, which may be called upon suddenly to 
repair anything from a broken bolt to a several ton casting. Big 
repairs are made during the shutdown period and there is at least 
one foundry in that section that can handle any size or type of east 
iron casting required by the sugar factories. 

8. North and northwest of Rio is the great mining state of Minas 
Geraes, with about 20 blast furnaces, several large gold mines, 
notable among them being the air-conditioned St. John del Rey 
mine, employing some 8,000 men, and several ore (manganese) ex- 
traction and exportation centers. These large firms all have their 
repair foundries, but it was surprising to the author to find so 
few jobbing foundries in that area, which centers around Belo 
Horizonte, the capital of the state of Minas Geraes. 

9. West of Rio can be found what is by far the most important 
agricultural and industrial section of the central zone, and indeed, 
of all Brazil, namely, the state of Sao Paulo and its capital city of 
1,300,000 population, with the same name. Sao Paulo is chiefly 
known here as the source of the coffee shipped through the port 
of Santos, but the city of Sao Paulo itself is the largest industrial 
center outside of the United States. Here can be found more than 
100 gray iron foundries, some 50 non-ferrous foundries and an 
ever-increasing number of steel foundries, now numbering some half 
dozen (not including a few rolling mills which produce their own 
steel). These supply the basic castings for a large machine and 
machine tool industry which, owing to the lack of importation 
facilities occasioned by the war, is being forced to expand at a very 
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fast rate. The largest of these firms employs competent engineering 
staffs, some of whom may be engaged in duplicating imported ma- 
-+hinery. They have the ability to recognize important design fea- 
tures and realize the need to employ a high quality material. They 
accordingly specify them from the foundries. However, there are a 
creat number of small machine shops, owned and operated by 
skilled machinists, which begin the manufacture of machines and 
even machine tools by the simple procedure of copying an existing 
machine, without any idea of the relation of strength of materials 
to design. These customers place a heavy burden on the foundry- 
man by rejecting castings with excuses, such as, material too porous 

not strong enough—too many blowholes—too soft—too hard, 
etc., when they themselves are in many cases responsible, due to 
poor design or specification for the material needed in the casting. 

10. Passing on briefly to the southern zone of Brazil, which con- 
sists of the states of Parana, Santa Catarina and Rio Grande do 
Sul, we find that agriculture and cattle raising are the most im- 
portant factors in the economical setup, together with a budding 
manufacturing industry. Here are located at least one electric steel 
foundry, a malleable iron foundry, a very important manufacturer 
of sawmill and wood-working machinery, and a large hardware 
manufacturer known throughout Brazil. Rio Grande do Sul (home 
of Getulio Vargas, President of Brazil) is one of the three most 
important states of Brazil. 


Cast Iron 


11. The fact that Brazilian cast iron lacks uniformity is the one 
thing that can be said about it generally. We have already men- 
tioned that the consumer cannot usually supply the foundry with 


correct specifications for his castings. However, the expansion of 


the machine manufacturing industry has required many firms, and 
financially permitted others, to hire men with sufficient training 
and ability to undertake rational and technical studies of the prob- 
lems presenting themselves, even if they are not experts in that 
particular field. 

12. On the other hand, there are very few foundries in Brazil 
that can meet specifications, as they are known here in the states, 
with any degree of consistency. There are many reasons for this 
fact. 


13. The Brazilian foundryman can hold his own against the 
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world, as far as the actual art of molding is concerned. His knowl- 
edge of sand, metal, refractories, control, and foundry procedure, 
however, is usually limited to the traditional arts of the foundry 
trade, and he is, generally, sadly unaware of modern trends and 
practices as regards cupola operation, coke heights, blast volumes, 
sizes of charges, sand control, ete. The increasing demands by his 
customers for better grades of iron have made him realize his short- 
comings and the more progressive are making every effort to pro- 
duce better quality irons. This general lack of knowledge about 
best modern procedure can be traced, we believe, to the non- 
existence of a trade or technical association, as already mentioned 
before, devoted to serving the industry and keeping it up to date. 
The Brazilian government, both federal and state, is increasing the 
number of trade schools constantly, and as many of these have 
modern foundry apprenticeship courses, the newcomers to the in- 
dustry are getting a very good start. 

14. Another important factor in this question is the foundry- 
man’s lack of information upon the constituents of cast iron, and 
the effect produced by even small variations in their percentages, 
and methods of controlling them. Many pig iron producers at- 
tempt to work to standard chemical compositions of pig iron. On 
some cases, variations in the composition of the pig in a carload have 
been found to be so divergent as to render the analyses given almost 
useless. On the other hand, very few foundrymen caleulate charges 
in order to give a balanced iron in the cupola, so that analyses are 
generally used to classify the pig as regards their silicon content 
only, inasmuch as all foundries are naturally aware of the effects 
of this element. When a foundry gets some castings rejected due 
to ‘‘poor quality’’ he usually passes the problem on to the pig pro- 
ducer, giving rise to constant friction between the two parties. Very 
few foundries have chemical laboratories attached to their organ- 
ization, or within their financial reach, so that a good eontrol of 
the iron produced is very difficult. 


Pia Iron 


15. On the other hand, the blast furnaces themselves have a 
difficult time maintaining uniformity in Brazilian pig iron. We 
have already said that there are up to 20 furnaces. The largest 
producer is the Cia. Siderurgica Belgo-Mineira, which is exceed- 
ingly well equipped and produces about 100 to 150 tons per day. 
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Much of this goes to the manufacture of steel in their own mills 
and the rest goes to the foundry industry, both in Brazil and Ar- 
gentina. Blast furnaces range down in size from the 60 ton per 
day furnace of the Belgo Mineira, to a 13 ton per day furnace 
located in Belo Horizonte. An important factor in limiting the size 
of these furnaces to such comparatively small capacities is that 
wood charcoal, with its inherently low compressive strength, must 
be used due to the lack of native coal near by. 

16. The batches produced are therefore small and, together with 
variations in the ore used, combine to force the producer to send 
to the foundry carloads of pig iron from many heats, which, al- 
though they may have been separately analyzed, are not classified 
finely enough to maintain uniformity throughout the carload. In 
general, the characteristics of Brazilian pig are: Relatively low car- 
bon, 3.20 to 3.60 per cent; low manganese, 0.20 to 0.30 per cent; 
very low sulphur, 0.01 to 0.05 per cent; phosphorus, from 0.20 to 
0.30 per cent; and silicon, ranging from 1.00 to 4.50 per cent. 

17. Inasmuch as the actual details of Brazilian foundry prac- 
tice will be discussed by a practical Brazilian foundryman in an- 
other paper to be presented at this conference, no attempt will be 
made to treat this phase of the foundry industry here. 


FouNpDRY PRODUCTION 


b] 


18. Reviewing briefly the Brazilian foundries’ products, we 
find that the industry occupies itself with all types of castings. 
Possibly the greatest output is in sanitary ware such as bathtubs, 
wash basins, flushing boxes, ete. The largest tonnages produced 
by those foundries connected with railroad shops are, naturally, 
brake shoes, but most are capable of, and do cast the most intricate 
cylinder castings. Several of the largest foundries are occupied 
with casting parts for agricultural machinery and agricultural 
produce processing machinery, such as, cotton gins, presses, coffee 
and rice classifiers, ete. One foundry specializes in making coffee 


grinders for individual use, another with automotive and diesel 
castings, although to keep running they have to accept miscel- 
laneous outside work. Another large foundry in Sao Paulo manu- 
factures pumps and pump parts. Still another makes centrifugally 
cast iron pipes. One foundry tries not to accept any casting weigh- 
ing less than one ton, except when needed by their own machine and 
boiler shop, and can handle anything up to 15 tons. Another de- 
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rives a good part of its steady income from casting sulphur retorts, 
used in making carbon bisulfide. 

19. <A typical problem which is confronting the foundries in 
Sao Paulo came as a direct result of the war. Complete stoppage 
of structural steel imports has given rise to a large number of small 
rolling mills, specializing principally in rounds for conerete rein- 
forcement bars. These naturally need a large number of rolls and 
are willing to pay faney prices to foundries which can make good 
ones. These same fancy prices tempt all foundries to make rolls, 
with the result that interest in roll making is at a high pitch. 

20. Another big item in the Sao Paulo foundries is lathe beds. 
Practically every foundry the author visited recently was busy 
supplying lathe beds of all sizes, as well as other castings needed 
to manufacture this basic machine tool. 

21. The steel foundries almost without exception use electric 
furnaces, the three ton direct-are type being the most popular. 
They are usually an outgrowth of the cast iron foundries, so occupy 
the same plant and installations. The production of steel requires 
a chemical laboratory which is put to use to the benefit of the cast 
iron as well. Two or three of the steel foundries have such labora- 
tories. The remaining ones, as well as several iron foundries, are 
beginning to recognize the necessity of modern up-to-date sand 
mixing, testing and treating equipment, in order to overcome sand 
problems for their steel castings. Types of castings produced are 
varied, being principally railroad castings, forging press cylinders, 
blanks for forging, ete. Most foundries make use of their spare 
time by casting ingots for the several rolling mills. One foundry 
has gone extensively and successfully into the manufacture of spe- 
cial alloys and tool steels for drills, taps and other similar tools. 
They cast the ingots and forge, rather than roll, the round, hex, or 
whatever shape and size rod is necessary. They are also equipped 
to do heat treating, but leave the actual tool manufacturing to other 
firms. 


TECHNICAL INSTITUTIONS 
22. There are at least two institutions in Brazil which are 
endeavoring to promote the technical aspect of the foundry indus- 
try. One is the National Technological Laboratory in Rio de 
Janeiro, which is doing commendable work in supplying those 
foundries which request them with chemical analyses and micro- 
photographs of cast materials. 
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23. By far the most stimulating influence is that being exerted 


by the Institute of Technological Research, a semi-autonomous Bu- 


reau of Standards for the State of Sao Paulo. This Institute is 
extremely well equipped to make thorough investigations as regards 
testing of materials, concrete analyses, metallography, chemical 
analyses, ceramics, etc. A new department is the foundry depart- 
ment, and a still newer one is the aviation department. The found- 
ry is modest-sized, but the most modern and completely equipped 
foundry in Brazil. Briefly, they have a sand control laboratory 
and mixing equipment, American-made cupola and indirect-are 
electric furnaces, a direct-are 114 ton furnace, electric core ovens 
and heat treating furnaces, sand blasting rooms and a very com- 
petent staff. Their chemical analyses are supplied by the main 
chemical laboratory of the Institute. 

24. Under Dr. Miguel Siegel’s competent guidance, this foundry 
supplies foundry service to the industry at a modest fee, and has 
been very successful in solving many problems which involved 
sand control and cupola operation. They are at present occupied in 
producing alloy cast irons and steels, and are fulfilling a definite 
need in that they can supply any specified iron in up to 1000 Jb. 


castings. 


CONCLUSION 


25. The Brazilian foundry industry can be said to be coming 
into its own now and can look forward with great hope for the fu- 
ture. Practically all of the foundries have all the work they can 
handle, and many are in a position to choose their orders. Many 
bright and progressive foundrymen are getting their chance to 
start up in business, new foundries are appearing every month, 
and old foundries are improving. They are attacking the prob- 
lems they meet, and are trying their best to overcome the handicaps 
which they themselves recognize, so that the entire industry can 
look forward toward an ever increasing efficiency and progressive- 


hess. 
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A Multipurpose Brazilian Foundry 


By L. D. VimuarRes*, Sao Pau.o, BRAZIL 


Abstract 

The author describes the growth and expansion of a 
South American firm from one wholly engaged in the 
manufacture of passenger and freight elevators to one 
producing high quality alloy cast iron and cast steel, 
steel forgings and tool steel bars for their own as well as 
outside consumption. He gives a detailed account of the 
processes involved, the research problems with which they 
have been confronted and how, in certain instances, they 
have made use of 100 per cent Brazilian raw materials. 


1. The firm Pirie, Villares & Cia., Ltda. has been manufacturing 
electric passenger and freight elevators for the last 22 years. With 
the modern skyseraper trend, which Brazil has followed, the de- 
mands on vertical transportation in the new buildings have in- 
creased so much that new designs in elevator machines had to be 
introduced, calling for the application of modern metallurgy. That 
was the start of our foundry activities. 

2. In 1926 we started casting bronze for our own gears and 
bearings. After much research conducted at the local laboratory 
of our Instituto de Pesquisas Technologicas, we adopted a low 
leaded bronze for gears and bearings which has very good wearing 
characteristics. We investigated well the distribution of the lead in 
the bronze in different castings and found that this distribution 
was very uniform (see Fig. 1). The lead has anti-friction prop- 
erties which make it especially suitable in a worm gear where fric- 
tion is very high. After 16 years of field observation we can con- 
firm the good qualities of this leaded bronze for this application. 

3. Our next problem was cast iron. We needed better cast iron 
for our elevator parts than the local foundries could supply. Un- 
doubtedly this problem could be solved by an ordinary cupola 
furnace, but as we had in mind the production of steel later on, 
we decided to install an electric furnace of the direct-are type which 
could be used both for high class cast iron and for steel. At present 
our equipment is composed of (see Fig. 2) : 


* Pirie, Villares & Cia., Ltda. 
Note: This paper was presented before the First Western Hemisphere Foundry Con- 
gress, 46th Annual A.F.A. Convention, Cleveland, Ohio, April 20, 1942. 
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Fic. 1—LEAD DISTRIBUTION IN A LEADED BRONZE CASTING. x20. 

One 3-ton direct-are type electric furnace 

Three cupola furnaces (two of 15-in. and one of 24-in.) 

One muller type mixer 

Three mold and core ovens 

Four molding machines 

Sand blast cleaning equipment with rotating table cleaner and 
hand jet with air filters 

Two 5-ton traveling cranes 

One chemical laboratory with a four-minute carbon determina 
tor and other apparatus. 


Cast Iron 


4. We started casting high-strength iron with the electric fur 
nace, charging steel shavings and scrap to a great extent. Accord- 


ing to the product desired we charge more or less steel shavings and 
with this method we can obtain a cast iron of desired analysis 
While still in the furnace, we take out a sample of metal which, 
after breaking and observation of the grain structure and white 
tip, is analyzed for carbon, eventually corrected and poured. With 
this method, we have obtained very good results on plain and al- 


loyed castings. 

5. One important casting for our elevators is the cable sheave 
which must have a close-grained iron of the high-strength type. 
We easily attained this result with our standard 25 grade (see Fig. 

(25 meaning the approximate breaking stress in kilograms per 
sq. mm.). This type has a very regular hardness and grain struc- 
ture all over the cross section even in large castings (see Fig. 4). 
Usually we use a Brinell hardness of 200 to 220. Traction sheaves 
have shown very good wearing qualities with this cast iron. In some 
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special cases, we have gone as high as 240 Brinell. Special precau- 
tions are taken in the molding procedure, owing to the greater 
shrinkage of such high breaking stress types of cast iron. 

6. Reeently, we have been casting chilled rolls for cold rolling 
of steel strips from our electric furnace, with and without alloys. 
Foundry sand studies have been made continuously for the last 3 
vears and, with the help of our Instituto de Pesquisas Techno- 
logicas, we have made great improvements. Although we originally 
intended to cast only for our own needs, we are at present produc- 
ing more castings for outside clients than for our own elevator fac- 
tory. 

7. The local machine and machine tool manufacturers have 
found that, for their shell turning lathes, plate shears, large hy- 
draulic presses, etc., it is not only more economical but also valuable 
to their business to pay more and have the good castings with ac- 
curate specifications which we are able to make with the electric 
furnace and our technique. 

8. We have done considerable work to introduce good quality 
castings in this market and we offer three standard qualities of 
iron which meet most applications (see Fig. 3). Considerable work 
has been done to induce our own engineering department and the 
local machine manufacturers to redesign their castings, taking 
into consideration the high breaking stress cast iron produced in 
our foundry. 





Fic. 2—Virew or MAIN Bay or Founpry. 
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Fic. 3—STANDARDS FOR CHILL TESTS. 


Casting Section, 





Type of Thickness Range, co Analysis, Per Cent ————. 
Tron mm. in. Carbon Silicon Manganese Application 
10 4 to 10 fy to # 3.3 to 3.5 2.0 to 2.5 0.6 to 0.8 Thin Sections 
Easily Machined 
15 10 to 20 #4 to # 3.0 to 3.2 1.8 to 2.0 1.6 to 1.8 Medium Sections 
Medium Strength 
25 Above 20 Above #3 2.9 to 3.1 1.6 to 1.8 0.6 to 0.8 Large Castings 


High Strength 


The Illustration Shows the Appearance of Chills for Tests for the Corresponding Grades. 


9. Over Saturdays and Sundays, we run our electric furnace 
on synthetic pig iron for the production of white pig iron for the 
local malleable foundries that imported this material from Sweden 
or for special pig irons for remelting purposes, manganese content 
ranging from 0.2 to 2 per cent or more and silicon from 0.3 te 3 
per cent and more, with very low phosphorus and sulphur. 


Cast STEEL 


10. Last year, we started taking into consideration steel cast- 
ing, again first for our own needs. After sand studies carried out 
with the help of the Instituto de Pesquisas Technologicas, we suc- 
ceeded in using 100 per cent Brazilian molding materials. After 
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some research, we found a binding clay which gives very good re- 
sults. Today, we cast steel in sizes varying from a few kilograms 
up to 3 tons, such as large sugar mill gears, hydraulie press parts 
(up to 1500 tons), rolling mill cages, pinions, ete., either in plain 
carbon steel or alloyed with nickel, chromium, vanadium, ete. All 
steel castings are annealed or otherwise heat treated in oil-fired 
furnaces. 


Too. STEEL 


11. With the shortage of this material in our country, we started 
to cast ingots with very interesting results. Today we are produc- 
ing steel in bars varying from about 11% to 6-in. round or square, 
and in qualities varying from plain carbon steel to alloyed steel. 
The alloys are, so far, principally nickel, vanadium and chromium. 
Our ingots vary in weight from 80 to 850 kilograms (176 to 1875 
lb.). To enable the forging of the ingots in small quantities as we 
are producing, we use hammers and a 500-ton hydraulic press 
built at our plant. With this press, we can forge ingots up to 16-in. 
diameter and up to 2 tons. All shafts and worms of our elevator 
machines are now forged from our own steel. 





Fic. 4—UNIFORMITY OF GRAIN STRUCTURE IN AN ELECTRIC FURNACE GRAY JRON CASTING. 


REFRACTORIES 


12. After some years of experience with different refractories 
for our electric-are furnace, we have attained good results with 
100 per cent local refractories of silica for the roof and side walls 
and zirconium for the bottom. 
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Some Aspects of the Cast Iron Practice in Brazil 


By Miaueu Sreceit*, Sao PauLo, BrRazin 


Abstract 

This paper was presented to give an idea of the foundry 
practice in Brazil and touches on molding, sand practice, 
core practice and patternmaking methods used. The 
author discusses the new trend toward technical experi- 
ment and control in Brazil. He explains the functions 
and activities of the Instituto de Pesquisas Technologicas 
(Institute for Technological Research) with which he is 
connected and the successful results obtained by its found- 
ry department, such as systematic study of local sources 
of foundry sands and improvement in cast iron quality. 
He then tells of the special castings which are produced 
by the Institute’s foundry department in line with its 
purpose of illustrating modern foundry practice for the 
advancement of industry. 


DEVELOPMENT OF FounpRY INDUSTRIES IN BRAZIL 


1. Brazil, the largest country in the Western Hemisphere, is 
destined to become one of the world’s largest industrial countries, 
once its natural resources are fully developed. At the present time, 
although some states are rapidly becoming industrialized, Brazil 
is still largely agricultural and cattle-raising. The main industrial 
eenter of the country, Sao Paulo is, in fact, the largest industrial 
center in the whole of South America, more than one hundred of 
the largest and most modern foundries being located there. 

2. Isolated foundries have been established all over the coun- 
try to fulfill the needs of local industries. For example, cast iron 
foundries, capable of handling castings up to 10 tons, such as sugar 
mill rolls, may be encountered near the sugar mills in the north. 
In the central section, and more particularly in the State of Minas 
Geraes, where most of the blast furnaces and steel mills are located, 
the existing foundries are engaged in the production of ingot molds 
and maintenance castings for these plants. Toward the south, 
in the States of Rio de Janeiro, Sao Paulo, Parana, Santa Catarina, 
Rio Grande do Sul and the Federal District, one finds the bulk 


* Chief of Scientific Service, Head of the Foundry Department of the Instituto de 
Pesquisas Technologicas. 

Note: This paper was presented before the First Western Hemisphere Foundry Con- 
gress at the 46th Annual A.F.A. Convention, April 20, 1942. 
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Fic. 1—MAIN FLooR oF THE CAST IRON AND MALLEABLE FOUNDRY OF CIA. LIDGERWOOD 
INDUSTRIAL, SAO PAULO. 


of the foundries engaged in the production of general castings for 
railroads, for heavy machinery, for utility purposes and for farm 
and farm products machines. 

3. Most of the foundries in Brazil lack moderm and expensive 
equipment, due in part to the high cost of imported machinery and 
the scarcity of necessary capital, and in part to favorable labor 
conditions which explain the great preference given to manual 
labor in the operation of these foundries. Some foundries, however, 
such as those of the Light and Power Company in Rio de Janeiro 
and the Companhia Lidgerwood Industrial in Sao Paulo, which 
were established more than 15 vears ago, have all the standard 
equipment used at that time, consisting in the main of American- 
made machinery. A trend towards mechanized foundries, carefully 
planned and located in adequately planned buildings, is rapidly 
developing and may be exemplified by both the Atlas Foundry of 
Sao Paulo which produces eupola and electric furnace iron, and the 
Bardella S. A. Foundry. 


Cast Iron Founpry PRACTICE IN BRAZIL 


Me lting Practice 
4. In Brazil, as all over the world, the bulk of the cast iron pro- 
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luced is melted in the cupola. Cupolas imported from Europe and 
the United States years ago are being copied locally and others are 
designed and built according to literature. Since such furnaces 
must be adapted to local conditions and existing buildings, often 
unfit for the purpose, most cupolas present large diameters com- 
bined with low charging door and stack heights, are often provided 
with complicated tuyere design and, as a general rule, are equipped 
with undersize low pressure centrifugal blowers. 

5. The most widely produced metal is regular soft gray iron, 
often of unbalaneed composition, which goes into all kinds of mis- 
cellaneous and machine castings. The graph of Fig. 3 shows the 
range of tensile strengths obtained from control tests performed in 
the I.P.T.' on test bars comforming to A.S.T.M. standards and 
represent average commercial gray irons produced for castings 
for which mechanical strength is specified. Most of the specifica- 
tions adopted call for a minimum of 14 kg. per sq. mm. (20,000 
lb. per sq. in.) tensile strength. 





Fic. 2—-MAIN FLoorR oF Cast IRoN FouNDRY oF BaArpDeLLA S.A., SAO PAULO. 

1 Throughout this paper the designation I.P.T. is used in referring to Instituto de 
Pesquisas Technologicas do Estado de Sao Paulo (Institute for Technological Research). 
It is an official institution, partially endowed by private industry, devoted to the promo- 
tion of technical aid to industries and engineering activities and serving as the official 
testing laboratory for the state of Sao Paulo. It started about 40 years ago as a lJabora- 
tory for testing materials of the Polytechnic School of Sao Paulo and has developed into 
a nationally known institution which includes 12 main departments and a staff of 200 
men of which more than 50 are graduate engineers and chemists. 
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Fic. 3—Tersts or Cupota Cast IrRoNS PRODUCED BY AVERAGE BRAZILIAN COMMERCIAL 
Fou NDRIES. 


6. Cupola charges are made up of (1) pig iron, (2) bought mis- 
cellaneous serap and (3) sprues, risers and rejected castings. The 
pig iron used is charcoal pig iron produced in Brazil. Composi- 
tions of charcoal pig vary according to producer and in many cases 
vary from lot to lot, as shown in Table 1. Selected cast iron scrap, 
such as motor serap, is difficult to find in sufficient quantities. 
Most common scrap is miscellaneous scrap made up of heavy ma- 
chine serap and light utility castings mixed with some motor serap. 
Steel scrap is used by few foundries, and then only in small 
quantities up to about 10 per cent. 


Table 1 
COMPOSITION OF BRAZILIAN Pia IRON 


Pro- TotalCarbon, Silicon, Manganese, Phosphorus, Sulphur, 


ducer per cent per cent per cent per cent per cent 
A 3.6-3.9 2.15-3.31 0.10-0.35 0.17-0.19 0.013-0.09 
B 3.6-3.7 2.80-4.50 0.16-0.45 0.36 — 
C —- 1.50-2.60 0.06-0.12 0.30 0.09 
D —- 1.65-2.66 0.09-1.48 — —_ 


Synthetic 
pig iron’ 2.7-3.9 1.89-3.20 0.33-1.00 0.024-0.21 0.011-0.093 
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7. The coke used, up to the present time, is foundry coke im- 
ported mainly from England. Recently, some American coke has 
been imported, but foundrymen claim that English coke provides 
better metal temperatures at lower percentages. Small quantities 
already are being produced locally with imported coals, but due 
to the searcity of good foundry grades, low quality coke produced 
by gas companies is being used by many foundries. 

8. Under present conditions, large scale cupola operation is be- 
coming more and more difficult and iron costs have increased 
from 4 cents to 8 or 9 cents per kg. (about 2 lb.) at the spout. Im- 
ported foundry coke, when available, seils for $60 a ton and pig 
iron and scrap prices have gone up nearly 100 per cent. Oil-fired 
erucible and rotary furnaces, used for producing small quantities 
of cast and malleable iron, are operating at reduced capacities 
due to the rationing of fuel oils. 

9. <A solution, whereby low-grade Brazilian coals or charcoal 
may be used, is being sought and such have been tried in air fur- 
nace operation in experiments effected in this country. A special 
type of air furnace was developed by an American company which 
makes possible the efficient burning of mixtures of low and high 
grade coals by adjusting their proportions as needed during opera- 
tion. One such furnace has already been installed at the Companhia 
Brasileira de Usinas Metallurgicas in Rio, and more foundries are 
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Fic. 4—E.ectric FuRNACE Cast IRONS PRODUCED BY THE FUNDICAO ATLAS OF SAO PAULO. 
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Fic. 5—Mowp ror 125 Ton Capacity Press FRAME WEIGHT OF CASTING 6000 Ko. (13,200 
Ls.). Cast or 2.0 Per Cent NICKEL AND 0.6 Per Cent CHROMIUM CUPOLA CAST JRON 
BY BARDELLA S.A. 


contemplating the installation of this type of furnace. 

10. Formerly some electric furnace iron was made occasionally 
in installations intended for steel. With the present situation, ciec- 
tric furnace iron may be produced at costs which compare favor- 
ably to the ones of irons melted in fuel furnaces. Recently, one 
foundry has been set up for the purpose of producing high-grade 
electric-furnace iron for elevator castings. This foundry operates 
a 3 ton direct-are type ‘‘Brown Bovery’’ furnace and specializes 
in the production of high quality castings, for both its own use 
and trade. (See Fig. 4.) 

11. The advantages of higher grade irons are being gradually 
accepted by both foundrymen and customers and, with the as- 
sistance of the I.P.T., foundries in a position to furnish high- 
strength castings are appearing in an ever increasing number. 


Molding Practice 

12. Most of the molding is done by hand by skilled practical 
molders. Here the skill of the molder is of paramount importance 
for the production of good castings, since the available equipment 
is either searce or worn. Tight-fitting flasks are seldom to be 
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found, and patterns, furnished by customers, are often treated 
without the proper care by molders, making efficient production 
of castings difficult. Following the customary practice, large molds 
are usually made in dug-out pits on the floor, large and expensive 
flasks usually being searce (Fig. 5). 

13. Some foundries are equipped with molding machines which 
are used for production work, most of them being hand-operated, 
squeeze-type machines. Nevertheless, compressed air-operated, jolt- 
squeeze, jolt-squeeze stripper, and jolt roll-over machines are to be 
found, but can seldom be operated at best efficiency due to lack of 
enough production work. Most of the molds turned out on these 
machines are made in regular flasks, cope and drag made separate- 
ly. Snap-flasks and slip-flasks are rapidly gaining favor due to 
savings in flask equipment (Fig. 4). 


Sand Practice ; 

14. Natural bonded sand has been used exclusively for gray iron 
molding until recently. The sands available in the Sao Paulo 
region are bank sands originating from relatively recent rock 
alterations. Properties of the preferred sands are given in this 
paper. 





Fic. 6—JoLT-SQUEEZE AND JoLT-RocKovER MACHINES AT WORK AT THE FOUNDRY OF 
Cra. LipceRrwoop INDUSTRIAL. 
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Fic. 7—Cast Iron Herkinc-BoNE GEAR WEIGHING 1400 Ka. (3106 LB.) CAST BY CIA. 
LIDGERWOOD INDUSTRIAL, 


15. Sands used are far from ideal for green molds, which ac- 
counts for the extensive dry sand molding practiced. Sintering 
points are also low. Such deficiencies have caused foundries, will- 
ing to improve their practice and castings, to adopt synthetie found- 
ry sands as a result of experiments effected by the I.P.T. foundry 
department and corroborated by practical results. More general 
use of synthetic sands is hindered by a general lack of sand prep- 
aration equipment and of sources of supply of uniform washed 
sands and proper clays. Composition and properties of adopted 
mixtures are given in this paper. 


Core Practice 

16. Cores are also made by hand by experienced core makers. 
Elaborate core box design is seldom used and difficulties are left to 
the core maker. The cores are made of clay bonded (generally 
natural bonded) and oven dried sands. Difficult cores often take 
patented core binders, manufactured locally, which are added to 
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the clay bonded sand. Dextrine and molasses are also used by some 
foundries. Linseed oil, being rather expensive, is used only in 
progressive foundries making better castings, its use being limited 
to small cores in the average foundry. Local manufacture of core 
oils, higher grade core-binders, mixed washes and blackings is non- 
existent. 

17. Binders are not used to best advantage since ovens are 
wood-fired and not provided with temperature control devices, 
making proper drying impossible. 


Patterns 

18. Limited numbers of skilled pattern makers and good pat- 
tern making shops may be found in Brazil. If one is willing to pay 
well for the job, one can obtain well-made wooden patterns, proper- 
ly split, with properly fitted bosses, and core-prints and with ade- 
quate drafts. However, to effect savings, many foundries or their 


Pic. 8—Cast Iron Gear 3.0 Meters (10 Fr.) IN DIAMETER WHICH WAS CAST IN THREE 
Parts. ToTaL Welcut 4500 Ko. (10,000 La.). Cast AND MACHINED BY MAQUINAS P1Ra- 
TININGA LTDA. 
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Fic. 9—Cast Iron Retort USED FOR THE PRODUCTION oF CARBON SULFIDE. WEIGHT Is 
7000 Ka. (15,800 Ls.). Cast BY BARDELLA §.A. 


customers have their patterns made. by expert cabinet makers, the 
result being a nice looking pattern but one which is rather trouble- 
some for the molder. 

19. Pattern plates for machine molding are often cast in 
aluminum or made up of white metal parts mounted on steel plate. 
A few shops specializing in metal patterns do turn out fine work. 


Castings Produced 

20. As already stated, foundries are engaged in most diversified 
jobs, the same shep being competled to turn out both small and large 
castings. In view of the often deficient means and equipment, one 
is surprised at the fine castings to be seen in some of the better 
foundries. Such results are possible only because of the long ex- 
perience of practical foundrymen in charge of the shops (Figs. 7, 
8 and 9). Technical foundrymen, however, being very scarce, 
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progress in metal composition and improvements of melting and 
molding practice are not to be expected in the average foundries, 
where control of metal analyses and temperatures and of sand prop- 
erties are not practiced, the only available instrument being the 
‘‘experienced eye.’’ 

21. Advanced jobbing foundries turn out higher strength cast 
iron machine castings either in the cupola, with the addition of 
higher percentages of steel, or with addition of small amounts of 
alloys such as nickel, and chromium or in the electric furnace 
where synthetic iron is produced. Such foundries practice control 
of both the raw material and the finished product, either through 
their own laboratories or official ones. In some fields, one may find 
production foundries turning out standard products, such as 
enamelled sanitary and cooking utensils. Two of the main produe- 
tion foundries in Sao Paulo turn out more than 100 tons of such 
castings a month. 


New TRENDS IN THE FounpDRY PRACTICE IN BRAZIL 


22. As already noted, the foundries in Brazil have been run 
largely by practical men, and even large machine shops, when di- 
rected by technical men or graduated engineers, have left their 
foundries to the care of the practical foreman. The main reason 
for this situation is the searcity of technical foundrymen and 











Fic. 10—Marin Foor or THe I.P.T. EXPERIMENTAL FouNDRY. 
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past 





Fic. 11—Vrew or SAND TESTING LARORATORY OF THE I.P.T. FouNDRY DEPARTMENT. 


metallurgists. On the other hand, very few foundries can afford 
laboratories and experimental installations, and thus the services 
of such technical men are seldom completely successful. 

23. To make available both services and experimental installa- 
tions and laboratories, the I.P.T. undertook to install an experi- 
mental foundry which, in addition to the already existing chemical, 
metallographical and metal testing departments, is to serve as an 
experimental station for the improvement of foundry practice. 
This foundry covers 11,000 sq. ft. of concrete structure building 
and is equipped with $75,000-worth of modern American equip- 
ment, imported at the beginning of last year. 

24. The melting department consists of one one-ton capacity 
direct-are furnace, one 500 lb. capacity indirect-are rocking fur- 
nace and one No. 2 cupola lined to 22-in., complete with automatic 
air control device. The sand preparation equipment includes a 
complete muller-type sand mixer with vibrating sieve, magnetic 
separator, rotoclone for fines control and aereator, one muller-type 
mixer for core sands and a complete sand testing laboratory. There 
are also two American-made molding machines, one of the jolt- 
squeeze and the other of the jolt-rockover type. The cleaning room 
includes a 10 ft.x 10 ft. sandblast room, a sandblast cabinet and 
tumbling barrel, all properly exhausted. The foundry also includes 
a welding unit and an electric heat-treating furnace. The main 
floor is served by a 5-ton erane (Fig. 10). 
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25. The activities of this new department may be classified as 
follows: 
To serve as technical advisor to foundries and depend- 
ent industries. 
To serve as a model foundry for industry. 
To undertake the training of technical and practical 
foundrymen for industry. 
To undertake the research of foundry problems, either 
of general interest or when requested by private in- 
dustry. 
To undertake the production, on a small scale, of spe- 
cial castings and metals, not produced by regular foun- 


dries, when requested by government departments or 


private industry. 
26. The department has been providing technical assistance to 
foundries since 1939. The experimental foundry has been in 
regular operation since the middle of last year. 


SuccessFUL ReEsuuts OBTAINED BY THE I.P.T. FouNnpRY 
DEPARTMENT AS A TECHNICAL ADVISOR 


Systematic Study of Local Sources of Foundry Sands 

27. In view of the deficiencies observed as to the molding sands 
used in most of the cast iron foundries, the foundry department, 
through its sand testing laboratory, is undertaking the testing of 
samples of sands used in several cast iron foundries (Fig. 11). 
Typical properties of green natural bonded used molding sands 
are shown in Table 2. Low permeability, high moisture and clay 
content and impurities make such sands responsible for defective 
castings, which are generally coated with burnt sand, hard to re- 
move, particularly in the case of heavy castings. 


Table 2 
PROPERTIES OF UseD NATURALLY-BONDED MOoLpDING SANDS 


Al Bi Cc! D? 

Moisture, per cent 10.4 12.7 11.5 

Green permeability 15 27 20 17 

Green strength 7.5 8.5 9.0 13.0 

Dry permeability aa — — — 

Dry strength a — - — 
1 Used for small and medium gray iron castings. 


2 Used for small gray iron castings. 
3 Used for small and medium malleable castings. 
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28. Tests of new naturally-bonded sands most widely used by 
local foundries, in the vicinity of Sao Paulo, show unfavorable 
grain distribution and shape, and high percentage of fines and 
clays low in bonding strength. Impurities of low fusion point, such 
as feldspar and microscopic mica, are also to be found and influ- 
ence the sintering point unfavorably. Properties of naturally- 
bonded sand most widely used in Sao Paulo are given in Table 3. 


Table 3 


PROPERTIES OF NEw NATURALLY-BONDED SAND 





— Fineness Test 





ee 
Screen Per Cent 
6 — 
10 0.6 
20 0.2 
28 0.5 
35 0.4 
48 0.8 
65 5.2 
100 16.6 
150 21.0 
200 172 
270 6.0 
Pan 13.2 
Clay content 18.2 
Grain fineness number 135 


jtrniomnmnmpinis TE BON T6818 tein, 


Moisture, per cent 10.0 
Permeability : 15 
Green strength 10.5 


29. As supplies of naturally-bonded sands better suited for cast 
iron molding are not known in the vicinity, synthetic molding sands 
are recommended by the I.P.T. to foundries willing to improve 
their sand practice. Two types of green sand generally are used 
by the average foundries which use all facing sand practice, fine 
sand for small castings up to about 50 lb., and coarser sand for 
larger castings. Dry sand and oil sand are used for heavy castings 
and for castings that require smooth finish (Table 4). Practical 
results obtained with such sands in several commercial foundries 
have directed the attention of foundrymen toward the importance 
of molding sands in the foundry. 

30. The main difficulty for the widespread use of synthetic 
sands in the average cast iron foundries is the lack of proper sand 
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preparation equipment. However, existing equipment, adequately 


adapted has been yielding satisfactory results. More progressive 


foundries are gradually accepting the idea that money spent on 


sand equipment and control pays dividends. 


Table 4 


COMPOSITIONS AND PROPERTIES OF SYNTHETIC MoLpING SANDS 


Usep ror Cast Iron MoupiIna 






































Fine 
Sand CoarseSand Dry Sand _ Oil Sand 
Fine beach sand, per cent 80 — ~— 
Coarse beach sand, per cent — — —- 96 
Coarse bank sand, per cent — 80 85 — 
Clay, per cent 15 15 15 — 
Sea coal, per cent 5 5 ie —_ 
Linseed oil, per cent -- = —- 2 
Dextrine, per cent -— — — 2 
Moisture, per cent 4.5-6.5 4.5-6.0 7.0-8.0 1.0-2.0 
Green permeability 30-40 40-50 65-85 100-150 
Green strength 7.5-10.0 8.5-10.5 6.5 2 max. 
Dry permeability --- — 90-100 150-200 
Dry strength — — 90 min. 300 min. 
Dry tensile strength, ; 
lb. per sq. in. = -- — 120-150 
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TESTS AND ANALYSES WERE INTRODUCED BY I.P.T. 
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Fic. 13—HiIcGH-StrRENGTH CUPOLA CAST IRONS PRODUCED BY MAQUINAS PIRATININGA LTDA. 
UNDER THE SUPERVISION OF THE I.P.T. FOUNDRY DEPARTMENT. 


Improvement of Cast Iron Quality 

31. Another field of the foundry department’s activities is the 
control of cast iron produced by commercial foundries, with the 
purpose of improving quality and foundry practice. One instance 
is the systematic analyses and physical testing of cast iron carried 
on by the Companhia Lidgerwood Industrial, which produces ma- 
chine castings up to 10 tons in weight, some of which require high- 
strength and close-grained iron of good machinability. The cast- 
ings originally produced by this company presented the average 
analyses and properties shown in Table 5. 


Table 5 


ANALYSES OF HIGH-STRENGTH, CLOSE-GRAINED [RON 


Tensile Man- 
Strength, Brinell Total Carbon, Silicon, ganese, Phosphorus, Sulphur, 
lb. per aq. in. Hardness per cent per cent per cent per cent per cent 
20,000 150 3.50 1.8 0.2 0.2 0.08 


32. Although tensile strength of original cast iron produced 
was considered satisfactory, machinability of smaller castings was 
difficult, the cause being the presence of free cementite. After the 
adjustment of composition, the tensile strength was definitely im- 




















MIGUEL SIEGEL 201 





E: oa 


Fic. 14—WoopdEN PATTERN PLATE USED FoR SMALL SCALE PRODUCTION. 


proved, as shown by the graph of Fig. 12, and hardness increased 
to 180-200 Brinell with improved muachinability. 

33. Another example is the direct assistance of the depart- 
ment’s technical men in the production of special cast irons or 
castings in local foundries. Such a job was undertaken for the 
Maquinas Piratininga Ltda., which is engaged in the production 
of special castings of high-strength cupola iron. The selection of 
materials, calculation of charges, adaptation of existing equipment, 
and the actual melting of the first several heats was made under 
the supervision of the I.P.T. foundry department, at the company’s 
foundry. A report was presented which contained complete in- 
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Fic. 15—Evectric Furnace Cast IRoN Mabe By I.P.T. Founpry. GrRaPpn REPRESENTS 
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{ ee ee ee 
Fic. 16—PLATE For Som COMPRESSION TESTS WEIGHING 385 Ko. (850 Ls.), WHICH 
Was Mape or Exectric FurNAce Cast Iron, SHOWING 32 Koa. Per Sq. Mm. (45,000 La. 
Per Sq. IN.) TENSILE STRENGTH. 


formation enabling the company to proceed with production inde- 
pendently. The control of these special heats is still being made by 
the I.P.T. through analyses and physical tests. Tensile strengths 
of such cast iron are given in the graph of Fig. 13. 


PRODUCTION OF SPECIAL CASTINGS BY THE I.P.T. FounpRy 


34. As already stated, the purpose of the experimental foundry 
is to illustrate modern foundry practice for the advancement of in- 





Fic. 17—Cast IRoN AUTO-PATROL WHEEL WEIGHING 280 Kc. (600 Ls.), WHIcH Was 
MADE OF ELECTRIC FURNACE IRON SHOWING 32 Kea. Per Sq. Mm. (45,000 La. Per Se. IN.) 
TENSILE STRENGTH. 
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Fic. 18—Dry SAND MoLps AND GREEN SAND MACHINE-MADE MOLDS FoR LARGE AND SMALL 
CoMPRESSOR CASTING RESPECTIVELY. MApE BY I.P.T. FouNpry. 


dustry and to undertake production of special castings and metals 
when requested. Simultaneously, technical and practical foundry- 
men are being trained to lend their services to industry when such 
training is completed. 

35. Every effort is being made to employ the most advanced 
practice possible, under local conditions. Synthetic sands are used 
exclusively and go through the mixer after every heat. Every batch 
of sand is tested for moisture, permeability and green strength. 





Fic. 19—Compressor CASTINGS Propucep BY I.P.T. Founpry. 
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Fic. 20—-CENTRIFUGAL Cast IRON AUTOMOTIVE CYLINDER LINERS BEFORE AND AFTER Ma- 
CHINING. MADE BY I.P.T. Founpry. 





' 
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Fic. 21—Cast IrRoN E.ectric Watt-Hour Meter BASE, PRODUCED ON MOLDING MACHINE 
IN Siip-FLASK MOLDs. 





























Fic. 22—A.Loy Cast IRON ELecTRICAL RESISTANCE Grip MApg By I.P.T. Founpry. 
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Fic. 25—Dry SAND MoLp with Om SAnp DraG For CHromiumM CAstT IRoN INGOT MOLDs. 


Dry sand and core sand tests also are made regularly. All molding 
is made in flasks and demountable flasks are provided for this pur- 
pose. Machine molding is encouraged, even for small groups of 
castings, an inexpensive type of pattern plate having been de- 
veloped, consisting of wooden patterns mounted on special moisture- 
resisting plywood which is yielding satisfactory results. One 
plate has already been used for more than 5000 castings, with minor 
repairs (Fig. 14). 


High-strength Cast Irons 

36. Castings calling for high tensile strength iron are cast of 
electric furnace pearlitic iron melted in the 500 lb. capacity indirect- 
are electric furnace. The results obtained for all cast irons heats, 
where no special effort was made to obtain soft metal, are shown in 
the graph of Fig. 15. Castings weighing from 5 to 850 lb. have been 
east of such irons which show 240-260 Brinell hardness and are 
perfectly machinable (Figs. 16 and 17). 





Fic. 26—Curomium Cast Iron INGot Mop ror Copper INcots Arrer SHAKE-OUT WEIGH- 
ING 220 Ka. (500 Ls.). 








208 CAST IRON PRACTICE IN BRAZIL 








Fic. 27—CuromMiIuM Cast IroN INGoT MoL_ps Arter Betnc Usep FoR ABouT 500 COPPER 
INGOTS. 


Pressure-tight Castings 

37. Refrigeration compressors were imported mainly from the 
United States and were assembled in Brazil for commercial refrig- 
erators. Due to importing difficulties, such machines are now be- 
ing made locally and the I.P.T. foundry has been producing cast- 
ings for same (Figs. 18 and 19). 





j 





Fic. 28—CuHromiuM Cast IRoN GRATE BARS FoR SILICA Brick KILNS CAST BY THE I.P.T. 
FouNprY. 


38. Cast iron presenting about 40,000 Ib. per sq. in. tensile 
strength and 240 Brinell hardness, of 3.0 per cent total carbon, 1.8 
to 2.0 per cent silicon, 0.6 per cent manganese, 0.3 per cent phos- 
phorus and 0.1 per cent sulphur, is being used. Patterns had to be 
adapted to avoid excessive variation in section and to prevent crack- 
ing and hard spots. Such irons of low carbon and silicon content 
present improved weldability, making minor repairs possible. 
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Fic. 29—CHromium Cast IRoN DitamMonpb-CutTTING DisK Mabe By I.P.T. Founpry. 
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Fic. 32—Ni-Harp SLeeves FOR RoLL CRUSHER AND BOTTOM PLATES FOR 
PuG-MILL USep FOR CRUSHING SILICA STONE IN A REFRACTORY PLANT. 


39. Production of centrifugally-cast cylinder sleeves for auto- 
mobiles has been started at the request of a specialized machine 
shop engaged in motor repairs (Fig. 20). The casting machine, 
belonging to the customer, is operated by him, and the iron, of con- 
trolled composition and temperature, is furnished by the I.P.T. 
foundry at the furnace spout. Heat treatment is also under the 
supervision of the I.P.T. Composition used is 3.1 to 3.2 per cent 
total carbon, 2.70 per cent silicon, 0.6 per cent manganese, 0.3 per 
cent phosphorus and 0.1 per cent sulphur. 


Soft Gray Iron 
40. Special castings presenting thin section require soft gray 
iron at high pouring temperatures which is produced in the indi- 
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Fic. 33—PaTTERN FoR PuG-Mi.t Bottom PLaTes SHOWING Part oF Cores SET UP AS 
Usep FoR GRezeN SAND MOLDING. 
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Fic. 34—N1-Harp Disk FoR POLISHING STONE MADE BY THE I.P.T. FOUNDRY. 


rect-are electric furnace. One instance is a watt-hour meter base 
casting which presented sections less than 1/16-in. thickness and 
which had to be machinable (Fig. 21). An attempt was made to 
produce such castings in machine-made slip molds, the casting 
being contained in the cope, and 200 castings were made. How- 
ever, due to the molding practice and to defects of pattern, which 
was furnished by customer, the percentage of offset castings was 
rather large. Another instance is an electrical resistance grid used 
for electric trolleys. The pattern plate was designed and made by 
the I.P.T. in conformance with grid design already used by custom- 
er (Fig. 22). Several grids were cast, at first of irons of various com- 
positions. Electrical resistance tests showed that higher resistance 
was obtained when flake graphite is present rather than with den- 
dritie distribution. In the case of electric furnace iron, to obtain 
soft iron in such light sections, the addition of either nickel or 
copper proved advantageous (Figs. 23 and 24). 





Fic. 35—Grour or Ni-Resist CASTINGS FOR PASTEURIZING MACHINES. 
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Fic. 36—NI-Resist CASTINGS FoR GAS-FLOW MEASURING APPARATUS. 


Low Alloy Cast Iron 

41. Low chromium cast irons have been recommended by 
the department for both heat and abrasion resistance applications. 
One per cent chromium cast iron ingot molds were made for the 
production of copper ingots (Figs. 25 and 26). These molds have 
already yielded twice as many ingots as the originally used plain 
iron molds and are still in use. The two first molds made (Fig. 27) 
are still repairable after more than 500 ingots. 

42. To assure good finish of ingots, the working surface was 
molded of an oil sand mixture, oven dried and coated with graphite 
wash. Resulting castings were smooth and merely had to be 
brushed. 

43. Chromium grate bars also have been supplied for high tem- 
perature silica brick kilns (Fig. 28). 

44. <A study of cast iron suitable for diamond cutting disks was 
undertaken. Chemical and micrographic examination of imported 
disks showed high phosphorus content and areas of hard steadite. 
As high phosphorus iron was not available, chromium east iron 





= " 4 


Fic. 37—N1-Resist CASTINGS FOR ORANGE OIL EXTRACTION MACHINE. 
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disks were tried and such disks, with a 300 to 350 Brinell hardness. 
presented improved cutting efficiency and wear resistance and used 
less diamond powder when compared with imported disks (Figs. 
29, 30, 31). 


Alloy Cast Irons 

45. Ni-hard castings have been recommended and cast for sev- 
eral high-duty purposes. For the production of silica refractory 
brick, cylinder crusher rolls and pug mill, bottom plates were 
made (Fig. 32). Pug mill plates were cast in green sand, and cores 
for the necessary tapered holes were set into pattern prior to mold- 
ing (Fig. 33). 

46. Ni-hard disks for the polishing of stone and marble also 
are being tried in service (Fig. 34). All castings were cast in sand 
and presented over 500 Brinell hardness. Ni-resist castings are 
being made for several purposes. 

47. Two per cent chromium Ni-resist was used for castings for 
pasteurizing equipment. Formerly bronze castings were used, 
which had to be tinned, in the working surfaces. A set of dia- 
phragms for measuring gas flow also was made (Figs. 35 and 36). 
Another application of Ni-resist is for castings used for orange 
oil extraction machines. Such castings made of 4 per cent chro- 
mium Ni-resist are cast in green sand machine-made molds and 
teeth have to be sharpened by grinding in view of their high hard- 


ness (Fig. 37). 











Atmospheric Pressure and the Steel Casting— 
A New Technique in Gating 
and Risering* 


By Howarp F. Taytor**, anp Epwarp A. RomINskI**, 
WASHINGTON, D. C. 


Abstract 


The proper use of risers in the manufacture of metal 
castings has presented a major problem, continually tax- 
ing the ingenuity of every foundryman. However, the 
last few years have led to studies of ideas and theories 
advanced by foundrymen. This is particularly true of the 
practice of feeding steel castings by means of “blind 
risers.” In this paper the authors discuss theories and 
their experimental work on principles governing the ac- 
tion of atmospheric pressure in feeding castings and in- 
dicate how advantage may be gained by applying this 
knowledge. They first discuss the developments leading 
up to the use of the Williams head. Then they review 
theoretical considerations. Laboratory experiments were 
conducted to test the validity and practical value of the 
reasonings involved, with data being presented on com- 
parisons of the physical properties of steel castings fed 
by means of open and blind risers. Foundry ceonsidera- 
tions in the use of the blind riser are dealt with in detail 
as are the practical features of the method. The authors 
conclude their paper with examples of commercial cast- 
ings made by this method. 


INTRODUCTION 


1. The proper use of risers, often called ‘‘shrink heads’’ or 
‘‘feed heads,’’ in the manufacture of metal castings presents a 
problem which is continually taxing the ingenuity of every foun- 
dryman. The size, position, type, and number vary with every 








* Published by permission of the Navy Department. 

** Division of Physical Metallurgy, Naval Research Laboratory. 

Note: This paper was presented at a Steel Session of the 46th Annual A.F.A. Con- 
vention, Cleveland, O., April 22, 1942. 
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new job and must be determined before the mold can be made. Each 
different casting is generally a problem in itself embodying prin- 
ciples of molding which must necessarily be decided in the light 
of individual experience. 

2. Besides being essential to the internal soundness of the cast- 
ing, risers also greatly influence the cost of the finished article. 
Frequently this factor alone determines whether a particular cast- 
ing can be made economically in a given shop at prevailing market 
prices. The size of risers used may vary from 10 per cent of the 
total casting weight in one case to 70 per cent in another, depend- 
ing partly on the experience of the foundryman, but to a much 
greater extent on the design and size of the particular casting. 

3. These risers must be removed and the casting shaped to the 
proper contour before being shipped to the consumer. Thus, the 
position of risers and the area of contact between the riser and the 
casting is important. Also, since the size and number of risers 
determine the amount of metal in excess of that comprising the 
casting proper, it is clearly desirable to use as few and as smal! 
risers as possible commensurate with the soundness of the casting. 

4. Technical development has not yet progressed to the point 
where one set of rules can be applied to all jobs, and except for a 
few basic principles, the manner of ‘‘risering’’ is still largely by 
‘*rule of thumb.’’ It is common to err on the safe side by using an 
excessive size and number of risers, since losses incurred in this 
manner are less noticeable and normally less costly than a casting 
scrapped because of insufficient feeding. 

5. The last few years have wrought great changes in steel-mak- 
ing and particularly in the manufacture of steel castings. Many 
ideas originally thought to be impractical have led directly to 
techniques of great advantage to the foundryman. 

6. Falling in this category is the development of a satisfactory 
method of feeding steel castings by means of a ‘‘blind riser.’’ Such 
a riser may be defined as one which does not extend through the 
cope, or upper part of the mold, but is surrounded completely by 
sand, and which may be placed at any point within the mold. 
Experiments with this type of riser have brought about a realiza- 
tion of the important part played by atmospheric pressure in the 
founding of metals. It is the purpose of this paper to discuss, in 
the light of experimental evidence, the principles governing the 
action of atmospheric pressure in feeding castings and to indicate 
how advantages may be gained by applying this knowledge. 
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HISTORICAL 


7. ‘*Blind risering,’’ in its broader aspects, is not a new de- 
velopment. Many attempts have been made to use blinded risers 
to feed members deep in the drag section of molds where it is un- 
economical and often impossible to use the open type. These have 
in general met with rather unpredictable and unreliable success 
and only recently has a method been developed which makes possi- 
ble the practical application of the process. Evidences of the basic 
phenomenon which makes blind risering possible have been so 
often flaunted in the eyes of foundrymen that it is remarkable 
that satisfactory methods were not worked out long before 1938. 
The basic principles, like so many useful developments, are so 
simple that they were completely overlooked. 

8. An interest in and appreciation of the possibilities of suc- 
cessful blind risering developed from conversations between the 
writers and H. D. Phillips. who was then employed at the Dodge 
Steel Company. Immediately following this conversation, the 
writers visited the Dodge Steel Company, where C. 8. Roberts and 
Mr. Phillips illustrated blind risers being used on a practical 
scale. Subsequent experiments conducted at the Naval Research 
Laboratory on test castings not only confirmed the claims made 
for blind risering but indicated the influence of atmospheric pres- 
sure in many simple, practical ways. 

9. On June 18, 1940, a patent, ‘‘Means for Casting Metals*’’, 
was issued to John Williams, who, through a keen realization of 
the advantages to be gained, finally developed a successful method 
for keeping blind risers open to the atmosphere and made this 
method of risering a practical foundry tool. To the best of the 
writers’ knowledge, this patent is the earliest publication dealing 
with the influence of atmospheric pressure on solidifying castings. 
It is understood that others claim to have realized the theory 
involved in the process and to have sensed the possible advantages 
to be gained, but had not found the means of application in the 
simple form described in the patent. It appears to the authors 
that this is one of the major recent developments in the foundry 
industry, not alone because it makes blind risering practical, but 
because it adds materially to our already fast-growing knowledge 
of the laws governing solidifying castings, and proves once more 
how far reaching may be the rewards for digging out answers to 
the simple foundry problems that are encountered daily. 


*U. S. Patent No. 2,205,327. 
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GENERAL OUTLINE OF WoRK 


10. The Naval Research Laboratory undertook to make experi- 
mental tests to determine the practical value of the ‘‘blind riser’’ 
as a method of feeding steel castings and to develop test castings 
which would show in the clearest possible manner the function 
of atmospheric pressure in everyday foundry practice. The physical 
properties of steel castings fed by means of a ‘‘blind riser’’ were 
compared with castings of the same analysis fed with the conven- 
tional open riser. 


THEORETICAL CONSIDERATIONS 


11. In the transition of molten metal into the solid state, the 
contractions which occur may be divided into three stages: Liquid, 
solidification and solid. For steel these are shown diagrammatically 
in Fig. 1’. The portion of the curve AB indicates the liquid con- 
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Fic. 1—VoLumMe CHANGE RECORDED ON THE COOLING oF A 0.35 PeR CENT CARBON STEEL. 
(Briccs AND GEZELIUs.) 


traction as 1.6 per cent of the volume for each 100°C. above the 
; 1 Briess, Cc. W., and Gezelius, R. A., “Studies on Solidification and Contraction in 
Steel Castings, 11—Free and Hindered Contraction of Cast Carbon Steel,” TRANSACTIONS, 
AMERICAN FOUNDRYMEN’S ASSOCIATION, Vol. 43 (1935), pp. 449-476. 
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solidification temperature. It is this contraction, plus the solidi- 
fieation contraction BC, which makes it necessary to use risers as 
reservoirs of liquid metal to supply the cooling casting. 


12. The movement of liquid metal out of the riser and into the 
casting during this time of diminishing volume is the result of two 
forces which may either act together or in opposition. The most 
familiar of these is the force of gravity, or liquid head. The less 
obvious but even more important force of atmospheric pressure 
will always be present, tending by one means or another to prevent 
the formation of any degree of vacuum within the solidifying cast- 
ing. 

13. To illustrate these conditions let us imagine the casting 
schematically shown in Fig. 2 immediately after pouring, a thin 
shell of solidified metal and liquid shrinkage having progressed 
simultaneously upon contact of the metal with the sand. The riser 
in this case is superimposed upon the casting and designed to be 
the last to completely solidify due to its greater mass and/or hotter 
metal. As solidification and contraction progress, the liquid metal 
in the riser will be acted upon by gravitational and atmospheric 
forces moving the metal into the casting to prevent the formation 
of a void. This is an illustration of both forces acting in the same 
direction. 


14. Now consider the casting represented by Fig. 3 in the same 
condition of partial solidification with the riser at the same level 
as the top of the casting but placed at one side and again designed 
to solidify last. As solidification and contraction proceed, atmos- 
pherie pressure alone is tending to move the liquid metal from the 
riser into the casting since gravitational force is balanced out. With 
atmospheric pressure acting equally on all parts of the casting 
its direction of effective action will be at that point which offers 
least resistance. Thus, if no solid shell is allowed to form on the 
surface of the riser, or if it is weak enough to be ruptured at some 
point, the force will be at the upper surface of the liquid riser 
metal and will tend to force the metal downward and then upward 
into the casting to feed the shrinkage and prevent the cavity which 
would otherwise form. 


15. The cases of additive and individual combinations having 
been considered, imagine a system where gravity and atmospheric 
pressure are actually in direct opposition. Fig. 4 is a sketch of a 
casting being fed by a riser whose height is less than that of the 






























220 GATING AND RISERING STEEL CASTINGS 


casting. In other words it is necessary that feed metal be forced 
to a level higher than the reservoir itself. This system will also 
be considered in a state of partial solidification with the riser being 
the last to solidify. It is obvious that in this case the riser cannot 
reach to the cope surface but must be buried in the mold with the 
pouring sprue equal to or greater in height than the casting. This 
is a typical ‘‘blind riser’’ svstem. Prior to the solidification of the 
sprue, gravitational forces are similar to those of Fig. 3, but be- 
cause of the relatively small diameter of the sprue it solidifies long 








Fic. 3 





Fic. 2 


Fic. 2—CaseE 1, GRAVITY AND ATMOSPHERIC PRESSURE ACTING IN THE SAME DIRECTION. 
LEGEND: A—-ATMOSPHERIC PRESSURE; C—CASTING; D—DowNcaTe; G—MeETAL HEAD or 
Force Due To Gravity; R—RISER. 

Fic. 3—Case 2, ATMOSPHERIC PRESSURE ACTING WrrHoUT BENEFIT OF GRAVITY TO CAUSE 
FEEDING. (LeGEND SAME as Fic. 2.) 








Fic. 5 


Fic. 4—Case 3, MetaL Heap OpposITE TO THE DIRECTION OF FEEDING. (LEGEND SAME AS 
Fic. 2.) 

Fic. 5—CASTING AND RISER SOLIDIFYING WITH AN IMPERMEABLE SKIN. (LEGEND SAME AS 

Fic. 2.) 
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before the casting and riser and sets up a system in which the 
liquid head within the casting is actually opposing the desired di- 
rection of metal feed. Thus in a completely sealed system, such as 
would result if a solid skin was allowed to form over the entire 
surface of casting and riser in such a manner that atmospheric pres- 
sure could not gain entrance to the liquid metal, the system would 
work in reverse and the casting would then tend to feed the riser. 
However, if the solid shell covering the liquid metal of the riser 
is kept open at some point during the complete solidification of the 
easting, a point of entrance is provided for the atmospheric pres- 
sure to act on the liquid feed metal. If this force exceeds the 
gravitational force acting against it, the feed metal will flow from 
the riser and prevent the formation of shrinkage cavities in the 
easting. 

16. In eases of opposing forces the direction of greatest force, 
and hence the flow of feed metal, can be determined by the follow- 
ing reasoning. The gravitational force will be directly propor- 
tional to the liquid head while atmospheric pressure will be rela- 
tively constant at 14.7 lb. per sq. in. For the sake of clarity it is 
perfectly proper to compare an ideal case of this type of feeding 


to a simple mercury barometer in which average atmospheric pres- 
sure will force mereury to a height of approximately 30-in. Under 
similar conditions any other liquid is forced to a height which de- 
pends inversely upon its density. 


17. For molten steel with a density somewhat less than 7.8 the 
height, calculated from the value for mereury, would be at least 
52-in., given by the equation 


h = 30 x 13.6 = 52 
7.8 


Thus, theoretically, it should be possible for a blind riser, when 
properly kept open and under ideal conditions of solidification 
throughout the casting-riser system, to force steel upward into a 
void to a height slightly greater than four feet. This, however, 
would only be possible if a maximum difference of pressure or, in 
other words, a perfect void existed in the casting. 


18. The examples cited above have covered only those cases in 
which the liquid metal of the riser was exposed directly to atmos- 
pheriec pressure at some predetermined point. We must now con- 
sider in more detail the case of a solid wall of metal forming over 
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the entire casting with no artificial means used for providing the 
atmosphere direct access to the feed metal. The casting sketched in 
Fig. 5 is a typical example with the skin formation proceeding as 
shown over the whole casting. Atmospheric pressure will be with- 
stood until shrinkage has formed a partial vacuum within the mold 
sufficient to provide a difference in pressure between the inside 
and outside of the casting which exceeds the strength of the solidi- 
fied shell, when it will either collapse or puncture at its weakest 
point to relieve the partial vacuum. 

19. In the cases above no consideration has been given to the 
possibility of gas evolution from metal during solidification. This 
is very probable and the amount of gas which might be evolved 
would depend upon the state of oxidation of the steel and upon 
the magnitude of the partial vacuum which formed in the unfed 
section. In unkilled steel the amount of this gas coming out of 
solution would tend to keep the partial vacuum low and prevent 
caving in or puncturing of the walls. Pouring temperature also 
undoubtedly affects the casting behavior in this respect by in- 
fluencing both the rate at which strength builds up in the solidify- 
ing shell and the amount of liquid shrinkage which governs feed 
demand. 


LABORATORY EXPERIMENTS 


20. The experiments which were conducted to test the validity 
and practical value of the above reasoning will now be discussed. 


Case 1—Additive Forces 

21. The casting of Fig. 6 shows the most simple form of open 
riser possible where the riser is superimposed directly above the 
section to be fed. The force of gravity or metal head is acting in 
the same direction as the force due to atmospheric pressure and 
feeding naturally follows well known rules. Immediately after cast- 
ing, the riser was covered with ripe eliminator to insure maximum 
feeding and to provide the atmosphere ready access to the liquid 
feed metal. This casting and all others of the same type shown 
were gated into the middle at the parting line. 


Case 2—Individual Action 

22. Figs. 7A and 7B show the side and top views respectively of 
a system of two typical blind risers of equal size and shape, gated 
similarly, and identical in every respect except that one was kept 
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open to the atmosphere by means of a sand core, and the other was 
not. The riser which was not kept open may be thought of as the 
casting. This method of gating is used on all casting systems unless 
indicated otherwise. It would seem that these risers should solidify 
at the same rate and shrinkage occur independently and yet the 
riser which has been kept open has very nearly completely fed the 
other. It is clear that although the force of gravity is initially 
equalized with the same metal head in each riser, atmospheric pres- 
sure alone has been sufficient to overcome the balance and accom- 
plish feeding. It is not at all surprising that the casting is not 
completely solid since no attempt was made to influence the thermal 
vradients to favor either casting or riser. The surprising thing is 
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Fic. 6—(Lert) Open Riser SUPERIMPOSED DirectLy Asove Section To Be Fen. 
Fics. 7A AND 7B—(RicGHT)—Sme (A) AND Top (B) View RESPECTIVELY OF A SYSTEM OF 
Two BLIND Risers IDENTICAL IN Every Respect ExcertT ONE Was Kept OPEN TO THE 

ATMOSPHERE. 
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Fic. 8—SysTEM IN WHICH CASTING AND RISER ARE IDENTICAL AND NEITHER KEPT OPEN 
TO THE ATMOSPHERE. 





Fic. 9—SystkEM IN WuicH CASTING AND Riser ARE IDENTICAL AND BOTH OPEN TO THE 
ATMOSPHERE. 
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Fic. 10—Rrser Same Hercut as CASTING BUT OF GREATER MAss. 
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that the final cavity in the casting was not a great deal larger. 

23. Fig. 8 is a similar system in which neither riser nor casting 
was kept open to the atmosphere and, since the effect of gravity 
was balanced out, shrinkage occurred in each with no tendency of 
one to feed the other. Fig. 9 shows an analogous system in which 
both riser and casting were kept open. Fig. 10 shows a case where 
the riser is the same height as the casting, each being five inches, 
but the riser is 5 in. in diameter and the casting is 4. Thermal 
gradients are thus favorably disposed toward the riser because of 
its greater mass and it accordingly solidifies last. Since it was kept 
open to the atmosphere complete feeding has resulted, and the 
metal of the casting is solid. 


Case 3—-Opposing Forces 

24. Fig. 11 illustrates the condition in which the gravitational 
foree of the section being fed actually opposes the atmospheric 
pressure exerted upon the liquid metal in the riser. Figs. 24 and 25 
are detailed sketches of the system. In Fig. 11 the casting is 10 
in. and the riser only 6 in. high but feeding has been entirely ade- 
quate. In all eases solidification must be so controlled that the 
riser and the neck into the casting solidify last. This system will be 
discussed in greater detail below. 


’ 


Fic. 11—SecTION OF AN EXPERIMENTAL CASTING IN WHICH GRAVITATIONAL Force Opposes 
FEEDING. 
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Fic. 12—CLosep SYSTEM IN WHICH GRAVITATIONAL Force Is ACTING ALONE. 
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Fic. 13—CoLLAPSED WALLS RESULTING FROM INTERNAL SHRINKAGE AND EXTERNAL ATMOS- 
PHERIC PRESSURE. 
Fic. 14—Same Castine As Fic. 13 Except Risek was Kept OPEN TO THE ATMOSPHERE. 
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25. For an illustration of the relative influences of gravita- 


tional forces acting independently of atmospheric pressure and 


vice versa, Figs. 10 and 12 provide a striking comparison. The 
former illustrates atmospheric pressure as the prime mover of the 
feed metal and the latter showing gravitational force acting alone. 
In the system of Fig. 12 neither blind head was open to the atmos- 
phere, but it might be expected that the greater metal head in the 
larger riser would be sufficient to accomplish the necessary feed- 
ing. Besides being higher, this riser was also 5 in. in diameter as 
compared to 4 in. for the seciion being fed. A casual glance at the 
photograph might indicate satisfactory feeding but considerable 
sponginess was found in the casting. Thus, atmospheric pressure 
has accomplished adequate feeding of a given section under condi- 
tions where a much larger reservoir failed when gravitational force 
was acting alone. It has been mentioned that the casting of Fig. 10 
was sound. 


26. As a practical demonstration that atmospheric pressure 
causes caving in of the walls of a casting in unfed or incompletely 
fed sections the castings shown in Figs. 13 and 14 were made. The 
collapsed walls of the casting shown in Fig. 13 are the combined 
result of internal shrinkage and the external action of atmospheric 
pressure. The wall of solid metal formed at the sand-metal inter- 
face is at a very high temperature and correspondingly weak and 
plastic for some time after solidification begins. In a properly fed 
section the force outward is kept equal to or greater than the value 
of atmospheric pressure and the casting solidifies with flat walls. 
However, if this is not the case, shrinkage will create a partial 
vacuum within the section, the force outward against the wall will 
decrease, and if the strength of the solid skin is still below a value 
which will resist it, the walls will be caved in by atmospheric pres- 
sure alone. The truth of this statement is borne out by the fact 
that the castings shown were made in bentonite bonded dried sand 
molds of very high permeability, ruling out gas pressures very 
much in excess of atmospheric pressure. This illustrates the condi- 
tion where no puncture formed to allow the atmosphere to reach 
the liquid metal. Fig. 14 shows a similar casting purposely kept 
open to the atmosphere. No partial vacuum was allowed to form 
and there was no tendency for the walls to collapse. It will be re- 
membered that the casting of Fig. 6 also solidified with straight 
walls. If pronounced hot spots or weak points exist in an otherwise 
continuously solidifying shell, it may puncture rather than col- 
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lapse without any artificial means being provided. This is dis- 
cussed below. 

27. In making laboratory test castings, 36 in. high with a 9 in. 
high blind head, the walls persistently collapsed in the top 6 in. 
To overcome this a larger downgate and sprue system was used 
which remained liquid and kept the internal pressure against the 
casting walls greater than atmospheric throughout the system, untii 
the shell of metal formed was strong enough to resist deformation. 
This height was nearing the limit to which atmospheric pressure 
ean force metal upward and the blind head did not supply the early 
feed demand unassisted but was, however, able to accomplish neces- 
sary feeding by the time the enlarged sprue system solidified. 

28. In instances when shrinkage is compensated for externally, 
the walls of the casting will be sound, and occasionally in thinner 
members the whole section will be solid. The latter is an example 
of internal shrinkage being completely accounted for by external 
shrinkage. Atmospheric pressure sometimes acts in another way 
even more detrimental to the internal integrity of the casting. The 
large number of blowholes and cavities which occur in the region of 
congested areas of sand, such as internal angles, can also be laid 
directly to the same combination of influences that cause the walls 
of castings to collapse. Fig. 15 shows a photograph of a typical 
defect of this kind. The exaggerated shrinkage seen in the left leg 
of the keel block is the result of atmospheric pressure acting in a 
manner analogous to a blind head with the sharp wedge of sand 
creating the necessary hot spot. 
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Fic. 15—ATMOSPHERIC PRESSURE BREAKING THROUGH THE SOLIDIFIED SHBLL AT A Hort Spor. 
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29. The shrinkage which would normally have been equalized 
between each leg is decreased in the right because it was partially 
fed from the left. The manner in which this takes place is thought 
to be as follows: Since feeding was purposely inadequate, shrink- 
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Fic. 16—SKetcH SHOWING RevaTive Rates oF SKIN FORMATION AT INTERNAL AND Ex- 
TERNAL ANGLES. 





Fic. 17—CastTinc SHOWING ReLATive RATES oF SKIN FORMATION AT INTEKNAL AND Ex- 
TERNAL ANGLES. 
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age occurred in the casting. The skin of solidified metal which 
forms at the sand-metal interface thickens at a rate which is de- 
pendent upon the cooling surface. Naturally the areas of sand on 
the open faces of the casting conduct heat away rapidly with a 
maximum rate of solidification as shown in Fig. 16. The sand in 
the internal angles cannot conduct heat away rapidly, hot spots 
exist in the casting at these points and the skin formed is relatively 
thin and weak. 

30. The photograph of Fig. 17, taken from work at this labora- 
tory by Briggs and Gezelius, shows more clearly perhaps the rela- 
tive trends of skin formation on internal and external angles. This 
particular casting was made in a vertical position and poured 
through the large end which was uppermost. After one minute the 
mold was inverted and the casting bled. In a similar mold, at the 
end of five seconds, the average wall thickness on the outer sur- 
faces was 3/16 in. while at the internal angles the wall was paper 
thin and the sections broke apart at this point. Whenever such a 
condition exists it is quite often in the region of a heavy section and 
with shrinkage tending to form a partial vacuum within the east- 
ing, the atmospheric pressure acts to rupture the wall at its weakest 
point and forces a hole into the casting at the hot spot to relieve 
the partial vacuum inside. Fig. 15 is a typical example of this type 
of defect which is not uncommon in steel castings. 

31. One foundryman describes similar defects as being caused 
by a ‘‘Leonard Effect’’ which is explained as ‘‘— gases escaping 
from a congested part of sand, strongly heated by metal and not 
sufficiently permeable to allow the amount of gases produced to 
escape to the exterior of the mold.’’ The writer goes on to say 
that, ‘‘In many cases a waster had been brought to the author for 
advice in which holes had been the result of ‘Leonard Effect’, 
while the questioner thought it was either wrong metal, or shrink- 
age cavities, or something else.’’ The writer also stresses the point 
that this ‘‘Leonard Effect’’ should not be confused with real 
shrinkage cavities. 


32. The peculiar feature of this defect is that it is apt to occur 
in dried sand molds and in sands of high permeability, and it 
normally depends upon real shrinkage for its initiation. If the 
cause is as simple as the formation of excessive gas pressures, the 
provision of highly permeable sand should solve the problem. There 
is no doubt that excess gas pressures and lack of permeability are 
contributing causes in many eases, but that they are not entirely 
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responsible is shown in a rather striking manner by Figs. 18, 19 and 


20. The casting of Fig. 18 is a round bar into which a thermocouple 
was cast. This bar was used as a temperature control for a du- 
plicate bar poured simultaneously and identical in every respect 
except for the absence of a thermocouple. The sketch of Fig. 18 
shows how the mold was assembled. The thermocouple wires were 
platinum and were protected by a two-hole alundum sheath which 
was open at each end. After pouring the castings, discrepancies 
in the temperatures recorded often indicated something amiss and 
upon sectioning such castings a cavity was always found. In some 
eases the temperature would be as expected and in these cases sound 
metal was found around the thermocouple bead. The variation in 
results from time to time indicated something unusual and for a 
while it was thought that oil or other gas-forming substance might 
be present which would expand at the high temperatures involved 
and create the excessively large cavities. In spite of utmost care 
exercised in keeping the tips clean the cavities persisted in recur- 
ring. The phenomenon causing this unusual condition was evi- 
dently somewhat out of the ordinary. 


Toermocove.e Wines 





Fic. 18—Cavity In Cast BAR CAUSED BY ATMOSPHERIC PressuRE ACTING THROUGH THE 
ALUNDUM TUBE. 


Fic. 19 Fic. 20 


Fics. 19 AND 20—PHoOTOGRAPHS oF ACTUAL CASTINGS MADE WITH OPEN AND CLOSED 
THERMOCOUPLE SHEATHS TO ILLUSTRATE THE INFLUENCE OF ATMOSPHERIC PRESSURE. 
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Fic. 21—Tgst CouPoN MADE WITH OPEN RISER. 
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Fic. 22—Tsst CouPpoN MADE WITH BLIND RISER. 











Fics. 24 aND 25—ScuemMatic DRAWINGS OF MOLD AND CASTING TO ILLUSTRATE THE PRIN- 
(Fic. 24 Lerr) Partiy Sowvrmiriep, anp (Fic. 25 Ricut) 


CoMPLETELY SOLIDIFIED. 


CIPLES OF BLIND HEAD FREDING. 
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33. After studying all other possible causes it was decided that 


perhaps atmospheric pressure was being transmitted through the 


holes of the alundum sheath into the center or liquid part of the 
bar where a shrinkage cavity was tending to develop. The atmos- 
pherie pressure localized the shrinkage into one large cavity. The 
obvious remedy was to use a closed sheath to prevent this easy ad- 
mittance of air, and when this was done solid castings were always 
obtained. Figs. 19 and 20 show a cross-section of castings made with 
the open and closed sheath, respectively. 

34. In several experimental castings where defects were initiated 
at hot spots, it was necessary to examine the casting microscopically 
in order to detect the small opening from the cavity to the outside 
of the casting, but with enough care one was always found. 

35. The physical properties of castings are the same whether 
made with open or blind risers if each is properly applied. The re- 
sults shown in Table 1 tend to bear out this statement as do the 
many tons of radiographically sound and pressure tight castings 
made daily by each method. The tensile test specimens are given 
in Fig. 23. The ‘‘A’’ specimens were cut from the bottom of the 
gravity fed coupon of Fig. 21 and the ‘‘B’’ specimens from the 
top of the coupon fed with a blind head (Fig. 22). As might be 
predicted, the additional ‘‘ferro-static’’ or gravity head has not 
produced castings with better mechanical properties than those 
fed with atmospherie pressure alone. 

36. Figs. 24 and 25 represent schematically a layout for the use 
of a blind head for feeding the heavy section of a casting. In at- 
tempting to clarify the nomenclature, it is suggested that definite 
terms be adopted in referring to a blind head feeding assembly. 


Table 1 


COMPARISON OF THE PHYSICAL PROPERTIES OF STEEL CaAsTINGs* 
Frep py MEANS oF OPEN AND BLIND RISERS 


Yield Tensile Elongation Reduction 
Strength Strength in 1% in. of Area 
Specimen lb. per sq. in. Ib. per sq. in. Per Cent Per Cent 


Al 63,800 78,400 30.2 65.4 
A2 63,300 77,000 30.2 66.3 
Ave. 63,550 77,700 30.2 65.9 
Bl 64,000 77,600 30.2 68.0 
B2 63,200 76,600 32.2 68.0 
Ave. 63,600 77,100 31.2 68.0 


* Chemical Analysis (Per Cent)—C., 0.13; Mn., 0.70; Si., 0.95; Cu., 1.69; S., 0.08; P.. 
0.03.—Specimens dead annealed. 








234 GATING AND RISERING STEEL CASTINGS 


In this paper the channel ‘‘AA’’ leading from the downgate to the 
head will be the ‘‘ingate’’ and ‘‘CC’’ leading thence into the casting 
will be referred to as the ‘‘neck.’’ This follows the terminology of 
most shops familiar with blind head feeding. 


37. The sketch shows the casting actually 5 in. higher than 
the top of the blind head. In the manufacture of average com- 
mercial castings, such as valves, for which the blind head is espe- 
cially suited, this situation seldom exists. In general the mass of 
the flange or other section is great enough to require a blind head 
very nearly as high as or slightly higher than the part it is to feed, 
especially since the bottom of the riser is placed at or slightly below 
the parting line. In these examples, as in blind risering in general, 
the metal poured into the ingate must flow first through the riser 
and then into the casting. 


38. As soon as the mold is completely filled, the metal loses tem- 
perature rapidly to the sand and a skin of solid metal quickly forms 
at the mold-metal interface. This initial skin formation is shown 
as the cross-hatched areas of the figure. As temperature continues 
to drop, more and more metal solidifies and the liquid shrinkage 
accompanying the falling temperature tends to form the partial 
vacuum within the solidifying mass. The skin forming on all parts 
of the casting is impermeable except at the desired spot on the riser. 
In this ease as solidification continues in the casting proper, the 
atmospheric pressure plus any gas pressure in excess of this value 
acts like a piston on the metal in the blind riser, forcing it into the 
easting to feed shrinkage. In other words the system is function- 
ing like a mereury barometer. Shrinkage is constantly tending 
to create the necessary partial vacuum in the casting and atmos- 
pheric pressure, acting through the medium of the molten metal 
in the riser, is constantly relieving it. If solidification proceeds 
properly, with the parts most remote from the riser freezing first 
and progressing thence toward the riser, each successive amount of 
shrinkage is compensated by additional fluid metal forced in from 
the riser. The ingate, being small, freezes off first and completes 
this part of the closed system. Figs. 26 and 27 show a similar sys- 
tem in which a completely impermeable skin forms, and shrinkage 
takes place independently in casting and riser with the resulting 
cavities. 

39. Figs. 28, 29 and 30 show examples of keel-block castings 
made with a blind head. Fig. 28 shows the manner of casting and 
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Figs. 29 and 30 show the castings sectioned. In one case the riser is 
kept open to the atmosphere and in the other it is not. In Fig. 29 
solidification has taken place independently in the casting and in 
the riser, while in Fig. 30 the total shrinkage is accounted for in 
the riser alone. As many as 5 such castings have been made from 
a single blind head. It is only necessary that the volume of metal 


in the blind head be greater than that necessary to compensate for 
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Fics. 26 AND 27-—-SCHEMATIC DIAGRAM ILLUSTRATING (Fic. 26 Lert) INITIAL SKIN For- 
MATION AND (Fic. 27 Ricnt) FINAL SHRINKAGE IN A CASTING UNSATISFACTORILY Fep Be- 
CAUSE THE BLIND Heap Was Not Kept OPEN TO THE ATMOSPHERE. 
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. 28—MetTHop or MAKING Kee. BLock CASTING WITH A BLIND RISER. 
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the liquid shrinkage of the system before final freezing of the 
riser. 

40. Figs. 31 and 32 show the top and side view of a typical 
method of feeding a valve flange with a blind riser. The sketch 
is largely self-explanatory. 

41. Several means can be used for keeping a blind head open. 
As a matter of fact in cases where very hot metal is used and an 
early feed demand develops in the casting the riser may break 
through without any artificial means being provided. However, 
this is far too uncertain to depend upon. A sharp wedge of sand 
may be molded into the top part of the riser and in many cases this 
method is satisfactory. The sharp edge of the wedge of sand stick- 
ing down into the metal furnishes the necessary hot spot but as in 
the ease above cold metal and late feed demand may often combine 
to cause this method to be ineffective. The use of thermit either 
made up as a core or held in readily melted metal tubes placed at 
the top of the riser has been found satisfactory by some foundry- 
men and actually increases the efficiency of blind risers by the 





Fic. 29—Kee. BLock witH Riser CLosep TO ATMOSPHERE. 
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Fic. 30—Kee. Biock CASTING witH Riser OPEN TO ATMOSPHERE. 


i 
; 
: 
% 








H. F. TAYLOR AND E. A. ROMINSKI 237 


exothermic addition of heat. The material is expensive, however, 
and this method will probably not become popular for that reason. 
These methods have all been tried at the Naval Research Labora- 
tory with the results reported above and none appeared to func- 
tion with the same degree of certainty and simplicity as the dried 
sand core. The method developed by the Dodge Steel Company 
consists of imbedding a round dried sand core in the sand at the 
top of the blind riser so that it extends into it for a distance rough- 
ly equal to the radius of the riser in the manner shown in Fig. 32. 
This is a simple rod core of a type found in the average foundry 
except that a small vent hole extends through the center. This vent 
hole is not absolutely necessary but is recommended. The only 
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Fig. 31 


Fic. 31—Sketcn SHowING Top View oF VALVE FLANGE Mabe witH BLIND RISER. 
Fic. 32—SketcnH SHOWING Sipe View oF VALVE FLANGE MADE WITH BLIND RISER. 


provision is that the core be made sufficiently strong and refrac- 
tory to withstand the pressure and temperature of the molten 
metal, and permeable enough to allow passage of gas. 

42. Further development may in time bring to light other 
methods even more useful for certain applications. Several meth- 
ods have been tried but have proved either more complicated or 
more expensive than the simple core. In action the core breaks the 
seal which would otherwise form completely over the riser by ex- 
tending into the center where there is still liquid metal. Thus at- 
mospherie pressure, acting through the permeable core, is able to 
force the metal from the riser into the partial vacuum tending 
to form within the casting proper. The sand of the mold is suffi- 
ciently permeable to allow an easy passage of gas to and from the 
core so that the full benefit of atmospheric pressure is realized. 
It has not yet been definitely determined whether the gas generated. 
instantaneously by the core is necessary to initiate the contact 
with the atmosphere but it is added assurance. 
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43. After understanding the principles behind blind risering 
it is readily apparent that sand cores can be used to advantage in 
open risers to prevent secondary shrinkage. By securing them in 
the sand at various levels with one end protruding into the center 
of the open riser, they prevent the possibility of the riser cutting 
off atmospheric contact by freezing over. 


FOUNDRY CONSIDERATIONS IN THE USE OF THE ‘‘ BLIND RISER’’ 


44. For many castings considerable advantages in economy 
and eonvenience are possible through blind riser feeding, but nat- 
urally whether to use it or the alternate and more common meth- 
od of feeding with open risers should be decided on the basis of 
easting design. No fixed rules can be given at present regarding 
when blind heads are to be preferred to open types, but with a few 
basic facts and a progressive attitude the average foundryman can 
determine his practice from a relatively short experience with the 
method. In general it may be said that blind riser feeding has 
found its greatest application in the light and medium light east- 
ing fields; that is, in castings weighing less than a ton. Some of 
the advantages and disadvantages of the method follow in detail. 
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Fie. 33—CastTiInc Mabe To SHOW THE TEMPERATURE DISTRIBUTION RESULTING FROM 
Bottom PourRiINnc. 
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Fic. 34—CurvVE SHOWING TEMPERATURE DISTRIBUTION IN THE BoTToM PouRED CASTING OF 
Fic. 33. 





Advantages 

45. <A. Hotter feed metal: In being able to gate through the 
blind riser into the casting proper the foundryman enjoys a dis- 
tinct advantage. The sand around the riser is preheated to a high 
temperature and when pouring is finished the last metal to enter, 
and hence the hottest, is in the riser where it should be. Likewise 
metal in the parts of the casting farthest from the riser is coldest 
by virtue of being the first to enter and having lost heat con- 
tinually to the sand in passage. Thermal gradients are thus favor- 
ably disposed with the riser being the last to solidify. Proper di- 
rectional solidification is vitally necessary and is generally more 
easily attained by gating into risers, a simpler procedure with blind 
risers than with open risers. 

46. B. Bottom gating is fully practical: Bottom gating is 
preferred whether blind or open risers are used because there is 
less erosion of sand surfaces and the metal is generally cleaner. 
While bottom gating through blind risers is an advantage in all 
respects, it is many times a source of trouble with open risers. In 
the latter case the metal for feeding the solidifying casting must 
come from the top and should be the hottest, but in bottom pouring 
castings made with open risers this situation is reversed with the 
colder metal at the top having to do the feeding. This is responsi- 
ble for a good many defective castings, the blame for which is often 
laid elsewhere. 

47. The photograph of Fig. 33 shows how temperatures can 
vary between the upper and lower sections of even small bottom- 
poured castings. The illustration is largely self-explanatory. The 
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mold was made up of seven sections of core sand with spiral flow 
channels tapped off from the header at three-inch intervals. The 
spirals serve to measure the fluidity or flowability of the steel at 
the various levels, and since this quantity has been shown in a pre- 
vious Naval Research Laboratory publication’ to be a direct func- 
tion of temperature for a given analysis of steel, the length of flow 
affords a relative indication of the temperature. Fig. 34 records 
the spiral lengths graphically as a function of their positions above 
the ingate and shows in a practical way the tendency of the steel to 
cool rapidly in rising upward. The time of pouring and height of 
the test casting are both small compared to large bottom poured 
castings so it ean be readily seen that by the time many bottom 
poured molds are completely filled the metal in the riser is nearly 
ready to solidify. 

48. ©. Generally cleaner castings: Experience at those plants 
in which the blind head is used regularly and at this laboratory 
indicates that, with good sand practice and proper care, actually 
fewer bad castings result from dirty molds than when open risers 
are used because open risers are a potential source of trouble from 
foreign matter falling into the mold. With molds employing blind 
risers this danger is eliminated except for the relatively small in- 
gate. By gating tangentially into the blind risers a swirling action 
is set up which causes them to act as skim gates. This prevents 
sand and dross from entering the mold through the sprue system. 

49. D.. Saving in cleaning cost: The most pronounced differ- 
ence between open and blind risering is in the position of the risers 
with respect to the sections they feed. The area of contact between 
the riser and the casting is considerably reduced and more favor- 
ably placed in the blind riser and this represents a very real econ- 
omy in cleaning cost and an improvement of the general appear- 
ance of the rough casting after the risers are removed. The blind 
riser can be placed on flat surfaces and in positions easily acces- 
sible to torch and grinder. When open risers are used in the man- 
ufacture of valve castings heavy padding of the flanges has been 
found necessary. This padding, shown in Fig. 35, besides adding 
materially to the mass of the casting, is inconvenient to remove. 
Figs. 32 and 35 afford a comparison between the two methods. 

50. E. Increased yield through more economical feeding: The 
shape of the blind riser is advantageous from the design stand- 








2 Tashe, H., Rominski, E., and Briggs, C. W., “The Fluidity of Ingot Iron and Carbon 
and Alloy Cast Steel,” TRANSACTIONS, AMERICAN FOUNDRYMEN’S ASSOCIATION, Vol. 49 
(1941), pp. 1-93. 
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point. The ratio of surface area to volume is considerably less for 
round feeders than for those of any other shape and, since the rate 
of solidification is directly proportional to this ratio, the spherical 
shape of the blind riser as compared to the more usual square or 
rectangular shape of open risers makes it possible to use smaller 
heads and effect an increase in casting yield. This increase in yield 
may or may not be realized depending upon the type of work being 
made and the existing method of manufacture. For a comparison, 
however, it is safe to predict that if sound castings of types suit- 
able for either method of risering are already being made with 
open risers and the foundryman proceeds to make them equally 
sound by the most economical application of blind risers, a definite 
increase in yield will result. By being able to gate into the risers 
this part of the mold is preheated and the hottest metal left for 
feeding. This automatically disposes temperature gradients to- 
ward the risers without the necessity for making them excessively 
large. It is clear that in those instances where the risers must ex- 
tend through the cope for a distance in excess of that needed to 
supply the necessary height of riser to properly feed the casting, 
a saving will result from the use of the blind type. This is particu- 
larly true when it is necessary to feed sections at the bottom or 
near the center of large castings. 


51. F. More solid castings through a better understanding of 
the risering process: By being able to place blind risers at any 
point inside the mold the foundryman has considerably greater 
feeding possibilities. Hidden sections, bosses, and parts of the 
casting deep in the drag can be adequately fed without excessive 
chilling or the use of oversize open risers extending all the way 
through the cope. The old excuse for unfed sections being ‘‘be- 
yond the feeding range’’ is now more of a myth than ever before. 
It is believed that a complete understanding of the principles in- 
volved in blind risering leads directly to a better understanding of 
risering in general and of the mechanism of solidification. 


52. It has been stated by persons using the process that since 
putting it into regular practice they have found it a good deal 
easier to standardize their gating and risering routine and that in 
many cases the decrease in height of cope required has been of 
substantial advantage. 


Disadvantages 
53. <A. Larger flask size often needed: By placing the blind 
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risers to the side of the sections they are to feed rather than above 
them, as in the case of open risers, a larger flask size is necessary 
for making a given job. However, this is not a very serious matter 
and may be offset by the decreased height of cope. 

54. B. May trap dirt or dross: <A possible disadvantage in the 
use of blind risers lies in the possibility of trapping dirt and dross 
in the main body of the casting if no open riser is present into 
which it can collect. Only such foreign matter as is already in the 
easting part of the mold will be harmful, however, as any which 
originates in the pouring basin, sprue, or ingate will be kept in the 
blind head by the swirling action of the metal. Good sand practice 
and care in closing molds obviates this disadvantage. 

55. €. Patent: The simple means used by the authors for 


keeping blind heads open to the atmosphere with sand cores is 
patented. 


DiscussION OF PRACTICAL FEATURES 

56. Since blind head feeding is a relatively new process, a rather 
detailed discussion of the practical features involved will be of- 
fered in the light of present knowledge. Some of the immediate 
problems confronting the foundrymam are: (1) the choice of the 
proper and most economical size and shape of head to use, (2) 
size and shape of neck between riser and casting, and (3) the posi- 
tion of the blind head relative to the section it is to feed. 


(1) Size and Shape of Blind Head 
57. Beeause the amount of liquid shrinkage in any particular 
casting depends on the temperature of the metal used, no hard 
and fast rule can be laid down which will solve the problem of 
feeder size for a given section. Variations normally exist in com- 
mercial practice between the temperature of the first and last 
molds poured from a single ladle, and shrinkages are higher in 
those shops pouring on the hot side. The differences in cooling 
rates which depend on the material of the mold, casting contour, 
and composition of the steel must also be taken into account. Here 
again it is necessary to draw heavily upon individual experience 
but in general judgment is developed after a very short experience 
with the method. In many eases it is possible to operate on the 
heavy and safer side and still attain advantages over the open 
riser so a reasonable time can be allowed to gain experience with- 
out the sacrifice of castings or economy. 

58. By purposely designing oversize and sectioning the feed 
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head with torch or saw it is possible to arrive at a useful approxi- 
mation of the volume of feed head needed for a particular section 
without sacrificing castings and time for experimentation. It is 
desirable that the final shrinkage cavity in the riser should extend 
to, but not below, the upper level of the neck leading to the casting. 
This provides a reasonable though not excessive factor of safety 
against running the cavity into the casting proper and will usually 
provide for normal variations in the temperature of the metai used 
for casting. 

59. Some of the pictures of actual patterns included in this 
paper give an idea of the size and number of blind heads required 
for a particular job. The ruler is one foot long and by sealing off 
the various sections a good approximation of relative sizes can be 
obtained. If one could estimate the volume of section to be fed, 
the volume of the blind head required to satisfactorily feed it 
would seldom be more than 10 per cent in excess of this amount. 
Fig. 7a showed the one blind head which was kept open almost 
completely feeding another of the same size which was not. The 
shape of blind heads for maximum feeding should be that of a 
hemisphere superimposed upon a cylinder with the overall height 
above the bottom of the ingate into the casting at least one inch 
creater than the diameter. 


(2) Dimensions of Neck and Ingate 

60. Fig. 24 indicates the neck into the casting as of a square 
cross-section with the upper edges rounded. An approximate 2 to 
1 ratio of neck size to the thickness of the section to be fed holds 
well for small valve flanges and similar shapes but must be modi- 
fied in proportion to feed larger sections. Naturally, the only re- 
quirement is that it shall not freeze off prematurely, and this is 
influenced not only by its size and shape but by the amount of 
metal flowed through in filling the casting. This ratio would de- 
crease inversely with section thickness, but the neck will never be 
smaller than the section to which it is attached. 

61. In Figs. 7A and 7B the neck was much smaller than the 
largest section and feeding was possible because the neck solidified 
slowly due to the narrowness of the section of sand between the 
riser and the body of the casting. Heat loss through this section is 
very slow and generally the sand around the neck is preheated by 
metal flowing through this channel to fill the casting. However, 
in these tests a runner was connected directly to each blind head 
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Fic. 35-—SKETCH OF VALVE FLANGE MADE WITH AN OPEN RISER. 
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Fic. 36—DeTAILs OF THE CorE USED FoR REDUCING THE SIZE oF NECK INTO THE CASTING. 





Fic. 37—CasTING MADE WITH A CHOKE CORE AT THE NECK. 
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and yet the neck remained open nearly long enough to complete 
feeding. The hot metal continuously being forced into the section 
to be fed undoubtedly retarded the solidification of the neck. 

62. In attempting to make removal of the feed head as simple 
as possible the principle of the Washburn core was applied to one 
test casting. A strong linseed oil plate core 14-in. thick was made 
with a rectangular section 1l-in. x 114-in. eut from one side as in 
Fig. 36. This was placed in the mold across the neck in position to 
give the effect shown in Fig. 37. The purpose was to see if the 
blind head would feed properly through this necked down portion. 
If this was possible the removal of blind risers would be greatly 
simplified. The original cross-section area of the ingate was ap- 
proximately 4 sq. in., as compared to 114 sq. in. at the choke. The 
photograph of the casting indicates that the method will work sat- 
isfactorily, but too few tests have been made to establish this as 
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Fic. 38—ILLUSTRATION SHOWING NECESSITY FOR INDIVIDUAL ZONES OF FEEDING FoR EACH 
RISER. 
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a reliable practice. The success of the method depends upon the 
eore being thin enough to heat up readily to the temperature of the 
metal flowing through. This prevents premature chilling of the 
section. In using the choke it should be placed at least one-fourth 
inch from the casting to prevent gouging into it during removal 
of the risers. Also the amount of choke must be carefully regu- 
lated. 

63. The size of ingate varies but should be considerably smaller 
than the neck. This causes it to freeze off early and complete the 
closed system during solidification of the casting and riser. 


(3) Position of Blind Heads 

64. The photographs of Figs. 39 to 43 illustrate quite clearly the 
positions of the blind head with respect to the section it is to feed. 
Some heads are placed at the side of one face of the casting and 
gated to the flat surface. The head is placed as close to the casting 
as possible and in a position which makes molding easiest. 
































Fic. 39—A ComMMerRcIAL VALVE CASTING Mabe BY BoTH THE OPEN AND BLIND RISER 
METHODs. 
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Fic. 40—A CoMMERCIAL CASTING MADE WITH BLIND Risers aT VARIOUS LEVELS IN THE 
Cope AND Draa. 





Fic. 41—A COMMERCIAL PATTERN RIGGED FoR BLIND RISERS. 





Fic. 42—A CoMMERCIAL PATTERN Riccep ror BLIND RIissrs. 
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65. The bottom of the blind head may be on the parting line 
with the neck to the casting entirely in the cope, or it may be partly 
or wholly in the drag. Examples of all these positions are shown. 
In general for valve manufacture the flanges are headed partly in 
the drag and partly in the cope. Fig. 40 shows blind heads at 
various levels in the cope and drag. For many complicated cast- 
ings the blind heads must necessarily be made up in cores. The 
riser may be below the highest part of the section to be fed but, 
as pointed out earlier, this is usually not the case. 

66. When several risers are used at different levels in the same 
casting it is essential that a particular zone of feeding be relegated 
to each blind head. Fig. 38 is a sketch showing the necessity for 








Fic. 44—-A ComMmerciAL CasTING Mabe with BLIND Risers IN CONJUNCTION WITH OPEN 
RISERS. 
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this precaution. The open riser used in this particular case would 
react similarly if it were a blind type at the same level. This rep- 
resents roughly an actual casting and the blind riser failed to func- 
tion, being in fact nearly solid. The cavities were found in the 
casting and open riser in the positions shown. The reason for this 
was that since both risers were initially open to the atmosphere, 
the net advantage of the blind riser in this respect was zero, and 
due to the greater ferrostatic pressure of the open riser, because 
of its superior position, the metal was forced through the system 
to actually feed the blind riser. 

67. By the time the narrow section of metal shown at ‘‘c’’ had 
solidified and shut off the hydraulic contact between the two feed 
heads metal had solidified beyond the end of the sand core and 
made it impossible for atmospheric pressure to act. The section 
to be further fed was choked off at ‘‘e’’ and solidified with the 
shrinkage shown. The casting could have been made perfectly 
sound without altering the method of heading in any way. The 
only change would be to place external metal chills, cast to shape, 
around the neck of the casting at point ‘‘e.’’ This would chill the 
metal at this point, separate the two heavy sections, and allow each 
riser to function independently of the other. 


Use of Chills 


68. The use of external chills is quite often erroneously frowned 


- 
Fic. 45—AN Open Riser COMBINED WITH A PARTIALLY BLIND RISER FOR FEEDING A YOKE 
CASTING. 











250 GATING AND RISERING STEEL CASTINGS 


upon, but when properly used, chills can aid greatly in controlling 
solidification. Since this is not a discussion of chills, no elabora- 
tion will be attempted but it is true that several shops apply them 
with full satisfaction and a greatly enhanced yield of radiograph- 
ically sound castings. External chills can be used to great advan- 
tage in getting the maximum benefit from blind risers but are 
actually less essential to their satisfactory operation than is the case 
with open risers since blind risers can be placed wherever needed. 


Venting 

69. Venting blind head work is essentially the same as for open 
risers except that thin rectangular ‘‘lifter’’ vents are provided on 
the upper surfaces of the casting at points shown by the small 
prints on several of the patterns. The molder’s lifter tool is used 
to make the vent. The blind heads are also vented either with a 
small lift vent if open risers are incorporated in the system, or with 
larger round vents, one-half inch or more in diameter, if there are 
no open risers. The larger vents are used to indicate when the 
molds are filled. Air and gases must be amply vented so the mold 
will fill readily and completely. 


EXAMPLES OF COMMERCIAL CASTINGS 


70. The castings and patterns shown in Figs. 39 to 45 are actual 
commercial applications of blind risering and show various posi- 
tions of the blind riser in the mold. 

71. The photographs of Fig. 39 show a valve casting made by 
both the open and blind riser methods. The pictures are intended 
to afford only a rough comparison of the amounts of metal in- 
volved in the two cases as foundrymen would vary greatly in their 
choice of size, type and number of open risers necessary to make 
the particular casting shown. They do, however, show the differ- 
ences between the two methods and indicate a saving in the removal 
of gates and risers from castings made with blind risers as com- 
pared with those made by open risers. 


AD) 


72. Fig. 45 shows an open riser combined with a partially 
blinded riser for making the yoke casting. The sand core is in- 
serted at the shoulder and insures keeping the system open to the 
atmosphere. The blind head would have been just as efficient 
with the smaller vent which is normally used. This particular 
easting lends itself well to blind head feeding, and is an interesting 
study in directional solidification. The sections are slightly 
tapered toward the end away from the risers making satisfactory 
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feeding from the one end possible. An external cap chill for the 
boss eliminates the need for a riser at this point and aids the al- 
ready favorably disposed thermal gradients. 


73. The photographs of the various commercial castings and 
patterns do not necessarily show the only way, or even the best 
way, of positioning the blind risers but do represent a method 
which has been applied with complete success. It is axiomatic that 
the size, number and position of blind risers will vary from plant 
to plant according to the experience of the foundryman in charge, 
just as always has been and still is the case with open risers. 


74. One very useful application of blind risers which is not 
shown here is for the elimination of cavities at places where the 
ingate joins the casting. Because of the: enlarged cross-section at 
this juncture, and because of the metal flowing through, a serious 
hot spot occurs which often is not fed by ordinary risering. The 
result is a cavity which may reach to the surface at one of the sharp 
corners. Contrary to popular belief these enlarged cavities are 
not caused by volatile gases but by atmospheric pressure forcing 
its way in to relieve the negative pressure developing from shrink- 
age at the hot spot. This principle has been clearly discussed 
above. (Reference Fig. 15 and paragraph 28.) A blind riser placed 
at this point serves the double purpose of preventing the defect 
and of acting as a skim gate by swirling the metal through the 
riser and then into the casting. 
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DISCUSSION 


Presiding: F. A. MELMOTH, Detroit Steel Castings Co., Detroit, Mich. 

Co-Chairman: K. V. WHEELER, American Steel Castings Co., Newark, 
N. J. 

T. D. West! (written discussion): The John Williams riser or the fire 
cracker head, as so many call it, is a relatively new tool for the steel 
foundryman to use. This new method of heading has definite merits over 
the older method of direct risering. The authors have pointed out the 
many advantages of the patented John Williams riser. Additional ad- 
vantages are: 

(1) These risers can almost always be applied to a flat surface upon 
which, when the casting reaches the cleaning room, the minimum amount 
of cleaning is necessary. The fire cracker head can be so attached to the 
casting as to come up from the under side, on the same horizontal level 
or directly on top. 

(2) Open risers have always been detrimental in a foundry as the 
stray sand will fall in. This sand may come from the outside of the 
open riser drying out and the sand falling in, or when a laborer places 
a weight on a mold he drags it across the top thus knocking more sand 
down in the mold. The blind atmospheric head will eliminate this danger. 
Another advantage is that the actual molding cost of the blind riser has 
been found to be less than that of the open risers. Time studies have 
proven this. However, some variations in the way the core is placed in 
the head have been made to help accomplish this. The core is used as a 
ram-up core, sticking straight down into the head, the right length being 
ascertained before using. This eliminates the placing of the core in the 
difficult angle as shown on all the diagrams. This ram-up core is made 
up of a strong oil sand with a stiff core rod or wire inside of the core. 

(3) The danger of shrinkage condition between the open risers and 
castings in comparison to the blind heads and casting can be eliminated 
greatly. One reason is that the blind head is always at a constant height 
and the open riser may be 10-in. high one month and 6-in. high the next 
month regardless of the amount of supervision there is in a plant. Also, 
the amount of riser dust greatly affects the feeding effect of an open 
riser. These variables are not included in the John Williams riser. 

(4) However, this riser cannot be used at random, and it takes a 
little more thought and careful consideration to apply the John Williams 
riser. The section that is fed must be completely isolated from the rest 
of the casting either with natural directional solidification, external chill 
or temperature gradient. The casting has to be studied to see that no 
internal core will have the reverse effect and feed the head. The writer 
has seen some cases where an internal core created such a hot spot that 
the casting fed the head. A green sand core or a thorough venting of 
the core accomplished the correct results. 

(5) Attention should be called to the very hollow gate in Fig. 39 in 
the center left-hand picture. This is a perfectly natural action where 
the gate goes directly into the blind risers. The metal, as it goes through 
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the pouring gate, heats up the sand so much that it remains open quite 
long, and the metal in the gate helps feed the blind riser which in turn 
feeds the casting. This method of gating even utilizes the metal in the 
gate, a process which malleable iron cannot even obtain. This certainly 
helps raise the steel foundry’s yield. 


(6) A new feature is to combine the Washburn core with this type of 
riser. The size and shape of the opening in the core have to be very care- 
fully studied before releasing a pattern for production. This is ex- 
tremely helpful in an air-hardening steel as the riser can be flogged off 
instead of being removed by costly preheating and torch cutting. 


(7) The discussion is ever present as to whether it is the gas pres- 
sure evolved from the small core or the atmospheric pressure which 
exerts pressure on the liquid metal in the riser. It is the writer’s belief 
that it is the gas pressure created by the hot metal around the fire 
cracker core which does most of the work. The burning core gas com- 
ing off the vent of the end of the core certainly shows there is more 
pressure on the inside of the riser than in the atmosphere. If the at- 
mospheric pressure were the greater, the core gas could not get to the 
surface to burn. These vents burn for quite a while and it is quite some 
time before the gas issuing from the open vent starts to die down and 
give the atmosphere a chance to act. However, by this time, the riser 
would have had a good chance to be solidified. 

(8) Regarding valve flanges, the authors state, “In general the 
mass of the flange is so great that the required blind head is very nearly 
as high as or higher than the part to be fed.” A chill, opposite from the 
head, on the flange, greatly assists the feeding of the head. The writer 
has seen a lot of valve flanges headed as mentioned above, and the heads 
do not extend up to the top of the flange. 


The writer would like to question why the auxiliary riser was attached 
to the top of the blind riser shown in Fig. 45. 

H. D. PHILLIPS? (written discussion): This is a fine paper, presented 
in the usual clear, understandable style of the authors and their 
predecessors at the U. S. Naval Research Laboratory. The subject is, as 
the authors state, one of the major recent developments in the foundry 
industry, and their paper should help immeasurably in getting the indus- 
try to accept and use the principle involved to the end that steel cast- 
ings may be sounder and more economically obtainable. 

Mention of the present writer’s name is sincerely appreciated. While 
it is only fitting that the name of the one who propounds a new theory 
and then proves it should be mentioned, it is quite often that credit is 
given or taken elsewhere. 

In analyzing what is new in this development, the following facts 
must be given consideration: 

First, as the authors state, blind head feeding is not new. All steel 
foundrymen have used it with varying degrees of success. The technical 
literature is full of illustrations of its use. 


2 Lebanon Steel Foundry, Lebanon, Pa. 
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Second, the shape of the blind riser is not new. The works of Batty 
and of Briggs and Gezelius proved years ago that the spherically shaped 
riser was the best one to use for feeding steel castings. 

Third, the point of application is not new. The Lebanon Steel Foundry 
and others had been applying risers to the faces of flanges and junc- 
tions of sections for many years before the knowledge of atmospheric 
pressure and its effects became known or generally realized. Batty re- 
peatedly pointed out in his work that the riser should be applied to the 
heaviest section. 

Fourth, the principle of directional solidification has been proven and 
used in many other ways since the published works of Batty and of 
Briggs and Gezelius have been available. 

Fifth, one of the two remaining features of this new technique in 
gating and risering is the use of atmospheric pressure. This is deserv- 
ing of some considerable discussion by the present writer to substantiate 
the previously made statement as to credit for the theory and principles 
involved. 

In 1934, upon entering the employ of the Dodge Steel Company as 
metallurgist, the present writer found that rejections were being ex- 
perienced in valves and fittings for the U. S. Navy. After several 
months, the responsibility for the manufacture of these castings was 
given the writer. By applying the principles of directional solidifica- 
tion and atmospheric pressure, rejections were soon cut to a very low 
figure. Previously, pipe eliminator had not even been used on open 
risers and certain consistent casting defects were ascribed to such vague 
causes as expansion of molding sand, core blow, ete. 

By the use of pipe eliminator on open risers, it was clearly shown 
that atmospheric pressure was a potent force in the feeding of steel. 
The barometer effect was also discussed and accepted. These facts have 
on numerous occasions been verbally attested to by men of the Dodge 
organization in a position to know of this development work. 

Sixth, the use of the small cylindrical core is new, and a very large 
share of the credit for its conception and utilization is due to John Wil- 
liams of the Dodge Steel Company. This feature and this alone has been 
patented. Late experiments indicate very definitely that this is not 
the only means which will function with a high degree of certainty and 
simplicity in keeping a blind head open and here exception is taken to 
the authors’ statement. Any foundryman, with a keen appreciation of 
the principles of directional solidification and the laws governing the 
behavior of liquids, can devise means of accomplishing the same purpose. 

There are a lot of points in this paper worthy of considerable discus- 
sion, such as early and late feed demand, etc., but time does not per- 
mit it. 

In closing, while it is unfortunate that full utilization of this principle 
has not been generally accepted, this paper should promote such an in- 
terest, by its complete handling of the subject, that nought but full and 
proper usage should immediately result. 

While, as the authors state, there are some disadvantages that result 
from the use of this style of gating and risering, nothing but advantages 
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can result from a full knowledge of the use of atmospheric or greater 
pressures in feeding steel castings, and the authors are deserving of the 
thanks of the industry for explaining it so clearly and completely. 

It is interesting to note that the authors are not so definite in this 
paper as they were in the paper presented by them before the Steel 
Founders’ Society of America in the statement that the patented core is 
the only means which will function with a high degree of certainty and 
simplicity in keeping a blind head open. There are many other ways, 
as they now mention, which will do the same thing and avoid the patent. 

CHAIRMAN MELMOTH: I do not know of another subject that is quite 
as important as the feeding of steel castings. The increased severity of 
inspection by X-rays and gamma rays has made a foundryman’s life 
somewhat of a nightmare, and, when one gets down to facts, a very large 
proportion of the troubles which are shown up by that type of inspec- 
tion can be directly attributed to improper methods of feeding. We have 
used this head a great deal and have found sufficient proof of its advan- 
tages to continue to use it and to keep on trying to enlarge the scope 
of its application. 

Mr. PHILLIPS: From my own experience, I know that many foundry- 
men have tried to use blind heads and this patented core with little or 
no success, and upon checking into their attempts, have found that they 
have ignored the early and late feed demand features and the gravita- 
tional effect. The authors cover that, although in my estimation, it 
could have been more completely covered for the practical foundrymen. 
They have included one illustration in the paper, but it should be more 
clearly shown that, in using an open riser high in the cope and a blind 
riser at the joint, the fact must be recognized that the open riser in the 
cope is in a superior position to the blind riser and will feed that blind 
riser until solidification cuts off the gravitational effect between the 
open riser and the blind one. Those things must be recognized in using 
this method of risering. 

There are a lot of disadvantages resulting from the use of this method 
of gating and risering. It does not work as well on massive castings as 
it does on lighter sectioned castings. Those who have tried it have failed 
to secure the same beneficial results that one gets on the smaller cast- 
ings, even though they have taken into consideration all the rules govern- 
ing its use. It is a matter of temperature gradients. 

There is another disadvantage that we have had experience with in 
our shop in trying to feed large castings, namely, sticking a core into a 
blind head 12-in. or more in diameter and having it fail to work because 
of the mechanjcal failure of the core. We have overcome that in a method 
distinctly unique. Instead of having the core stick into the center of the 
mass of the riser, we have the core stick completely through the riser, 
and instead of having it of material chemically inert, we make it of ma- 
terial which is not chemically inert. The carbonless pipe eliminators 
can be used. They actually increase the efficiency of the riser, and this 
method has proven to work with great simplicity and certainty. 

Another disadvantage to the use of totally blind risers is in green 
sand work on small castings poured at high temperatures. Unless suffi- 
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cient vents are carried off from the mold, porosity may be encountered. 

I could mention quite a few such disadvantages but instead of doing 
that, I want to take the position of approving and endorsing the prin- 
ciple of using atmospheric pressure in the feeding of steel castings. 

P. D. DeHurr®: In Fig. 45, the authors show a blind riser with a 
“flow-off” coming off the top of the riser. It is noticed that in all illus- 
trations previous to this, the authors do not make use of these “flow- 
offs’ on all of their risers. They use only the cylindrical top on the riser. 
Is the aforementioned “flow-off” a good means of removing the slag 
from the top of the riser, thus preventing the slag from being entrapped 
in the casting? 

Mr. PHILuIPps: I would interpret the use of those large “flow-offs” in 
Fig. 45 as a practical insurance in the working of this blind riser. In our 
experience, theoretically, it is possible to feed quite high above the riser. 
If a bit of sand or slag gets in the top of the flange shown, it could ad- 
mit the atmosphere to that section of the casting, and if the riser were 
in a lower position, it would result in improper feeding. The atmospheric 
pressure would be applied at two points, so I think what they tried to do 
in that case is to take some practical insurance against that happening. 
Sometimes sand washes away and lodges in certain critical sections of 
the casting. I would say what the foundryman has tried to do is to bring 
into play hydrostatic head along with atmospheric pressure. 

CHAIRMAN MELMOTH: This paper is not necessarily advocating or 
dealing essentially with the use of a core or any method of applying the 
principle. What it is really intended to do is to bring home to foundry- 
men the distinct advantages that come from a knowledge of the principle. 
We could almost forget the mere use of a core or anything of that type. 
To me, the whole method had a value in giving me an explanation of 
something which I never believed, that there was any value to the use 
of pipe eliminators. They were sold at one time largely on the basis of 
producing some sort of exothermic reaction. If they had been sold on 
the basis of keeping the riser open so that atmospheric pressure could 
become operative, they probably would have been much more generally 
used. I believe that is the point the authors are trying to get across, 
namely, an understanding and knowledge of the principle involved, and 
I assure you it is very well worth while. If practical foremen respon- 
sible for methods of gating and heading can once get the hang of this 
atmospheric pressure method of feeding, there is no question but that it 
will rapidly improve practice from many standpoints. 

M. J. Grecory‘: We all know that blind risers and open risers have 
been used in high grade malleable and gray iron for many, many years. 
Therefore, I am rather interested in hearing this discourse, but the thing 
that intrigues me is this patent gate or core. Is the steel industry re- 
stricted in using it, is it a license, or is it something that perhaps is kept 
from others, that placed the steel industry in a somewhat chaotic condi- 
tion when it came to getting sound castings? I would like to know more 
about the patent core or the patent. 


3 Lehigh University, Bethlehem, Pa. 
4 Caterpillar Tractor Co., Peoria, Il. 
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CHAIRMAN MELMOTH: I think it would be quite possible to put you 
in touch with the company that has control of this particular thing and 
they will tell you all the facts very much more reliably than the author 
or I could tell you. We could tell you how it operates from the steel in- 
dustry standpoint. 


S. W. Brinson®: The authors talk about the atmospheric pressure 
overcoming gravity and feeding up into the casting from the blind riser. 
Would it not be more successful to cooperate with gravity than to start 
opposing it by going too far with a blind riser? The open riser coop- 
erates with gravity. One might as well take advantage of it. 


One of the greatest things about the blind riser described and one 
of the greatest success factors, is not the question of the use of the 
patented core, but it is something that has been put before us for many, 
many years, namely, the fact that hot metal enters the riser by bot- 
tom peuring. That is the main success. If care is not exercised, it is 
possible to get atmospheric pressure in the riser and sometimes in a cast- 
ing where it is not wanted by a blow through a hot spot that will give the 
same effect as this core. The greatest success comes in getting hot metal 
in the riser. If it is hot enough, it will come through somewhere. We 
all, at times, whether we want to or not, have to use blind risers, and 
we would rather know these things in case we do have to, use them, so 
we know how to take advantage of them and get the best results. 


Co-CHAIRMAN WHEELER: We have used blind risers or side risers for 
years. I go back 25 years, and I do not think I am the only one in the au- 
dience. We got certain results from the use of those side risers or blind 
risers, but credit is due to the authors of this paper and to the people 
who have developed the use of atmospheric pressure in connection with 
blind risers. The foundry industry owes a lot to them because foundry- 
men have been stimulated to think along more scientific lines in the han- 
dling of their heading and gating and designing of castings to get solid 
sections. I believe that we owe a lot of thanks to those who are respon- 
sible for bringing it to our attention, both before, and now to the authors 
of this paper. 

Messrs. TAYLOR and ROMINSKI (authors’ closure): The authors are 
indeed grateful for the interesting and valuable discussions of their 
paper. 

Mr. Phillips’ word of warning about the use of blind and open risers 
on the same casting should be heeded, for, unless proper provision is 
made, open risers in their superior position may feed blind risers and 
cause them to be ineffectual. However, it is usually possible to guard 
against this by a judicious use of external chills. We believe this prin- 
ciple is explained fully enough to prevent a foundryman from making 
this mistake and to clarify the mistake if it is made. It would have been 
well to have illustrated the principle by using interconnected open and 
blind risers. For example if the casting of Fig. 4 had been extended to 
the surface and kept open to the atmosphere it is easy to see that it would 
have fed the blind riser and prevented its effectiveness. This illustrates 
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the case under discussion, except that the risers would be separated 
by a section of the casting. Individual zones of feeding can be relegated 
to each riser by suitable chilling. 

The method described by Mr. Phillips for keeping risers open is cer- 
tainly as good as any other mentioned, and, as he points out, adds 
mechanical stability and increases the efficiency of the riser by an 
exothermic reaction. 

Since the “flow-off” mentioned by Mr. DeHuff is placed above the 
blind riser, it would add nothing as a possible slag trap that would not 
exist in the blind riser with the enclosed cylindrical top. The slag would 
collect in one as readily as in the other. As Mr. Phillips mentioned, the 
use of the large “flow-off” provides added ferrostatic head. Although 
this is not necessary, it may often be an advantage. The greatest value 
of this practice is that it affords a means of knowing when the casting 
is nearly full so pouring can be stopped gradually. This is provided by 
a one-in. vent, however. The casting shown in Fig. 45 could be made 
just as satisfactorily without the large open riser. 

The authors are especially appreciative of Chairman Melmoth’s inter- 
pretation of their efforts, and, in particular, for his statement that their 
interest was in furthering “an understanding, and knowledge of the 
principles involved” in atmospheric pressure feeding. 

To say, as Mr. Brinson does, that the “main success” of blind risers 
depends upon getting hot metal in them, is to state a fundamental truth 
governing all risers. The great difference in respect to hot metal is 
that for obvious reasons it is much easier to obtain this condition in 
blind risers than it is in open types. If adequate feed metal is provided, 
proper thermal gradients will always insure sound metal. As an indica- 
tion that atmospheric pressure is a valuable influence in proper feeding, 
one has only to glance at Fig. 7 and refer to paragraphs 23 and 24. Heat 
gradients do not initially favor the riser in this example and yet the 
riser has very nearly completely fed the casting. Figures 25 and 27 show 
schematically how shrinkage takes place with and without the riser 
being open to the atmosphere. Although the actual casting made as in- 
dicated in Fig. 27 is not shown in the paper, it is on exhibit at the Naval 
Research Laboratory. Here, then, are two identical casting riser sys- 
tems, except that the riser of Fig. 27 is not kept open to the atmosphere. 
In this case although the hottest metal is in the riser, the same as is the 
case in Fig. 25, feeding is not adequate. This is shown even more strik- 
ingly in Fig. 29 where the casting is even lower than the riser. It is clear 
then that atmospheric pressure is a potent factor, and, although hot riser 
metal and proper thermal gradients are necessary, these have long been 
recognized as prerequisite for any method of feeding. That the riser 
will break through from natural causes and without any artificial means 
being provided when extremely hot metal is used is true enough, but 
that it may not do so is equally true. In the authors’ opinion it is well 
to provide some form of insurance. 

Several of the points brought out in Mr. West’s written discussion are 
worthy of much greater consideration than was given by the authors. 
However, many of the points which he regards as “additional advan- 
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tages” of the blind riser are touched upon in the text. The question as 
to whether gas pressure evolved from the core is responsible for assist- 
ing feeding rather than atmospheric pressure, we believe, is answered 
by Fig. 18 and paragraphs 32 and 33 of the text. In the case illustrated 
there was no excessive gas pressure developed from the alundum sheath. 
Also sand cores bonded with bentonite work fully as well as cores bonded 
with a volatile, gas-forming binder. It is natural that any gas pressure 
developed in excess of atmospheric pressure is a push in the right direc- 
tion, but it is true also that it is not necessary to insure proper results 
from atmospheric pressure feeding. 

Concerning the ninth paragraph of Mr. West’s discussion, perhaps 
a better way of stating the thought is “Often the mass of the flange is 
so great that the required blind head is very nearly as high or higher 
than the part to be fed.” That this need not be the case is clearly in- 
dicated. 











Design of Core Boxes and Driers for Core Blowing 
Machines 


By O. A. Van SitcKue*, Detroit, MIcHIGAN 


Abstract 


The proper design and selection of core box equipment 
for core blowing machines requires skill, experience and 
cooperation of foundryman, coremaker and patternmaker. 
A blow box can usually be classified as (1) open face type, 
(2) vertical split type, or (3) horizontal split type. Some 
important considerations in designing a blower core box 
are location of the parting, size and location of blow holes 
and exhaust screens and selection of the available ma- 
chine best suited to blow the type and size core required. 
Other factors to facilitate production are the use of two 
lower halves of the box or the use of exact size driers 
instead of the lower half of the box. 


1. Economical and efficient design of core box equipment for 
core blowing machines requires skill, experience and complete co- 
operation of foundryman, coremaker, and patternmaker. 

2. Too frequently, equipment is purchased, and, when received, 
found to be wholly inadequate because of faulty design or construc- 
tion. The blame for this situation is with the buyer and not with 
the maker of the equipment. Criticism and second guessing are 
only wasted effort, and both time and money are spent putting the 
job into condition so that it can be used as was intended. If a com- 
plete drawing cannot be made, a few sketches will aid in getting 
well constructed and satisfactory equipment. 

3. When laying out a job for blowing machine cores, it is well 
to keep in mind that strike-off faces or filling openings require 
practically no consideration and, because of this, it is possible to 
blow a core in one piece which would otherwise have to be made in 
two or more pieces requiring rubbing, pasting and assembling op- 
erations and fixtures. 


COMPOSITION OF CoRE Box 


4. Boxes should be made of metal, aluminum or magnesium, 
weight usually being the determining factor. Outside surfaces 
should be machined square and parallel to properly locate or clamp 


* City Pattern Works. 
Note: This paper was presented before a Patternmaking Session of the 46th Annual 
A.F.A. Convention, Cleveland, O., April 20, 1942. 
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in the machine. They should be well ribbed and solidly constructed 
throughout, as they will be subjected to much abuse in handling 
to get the most efficiency in production. The parting joint should 
be at least l-in. wide, steel faced and well spotted together to pro- 
vide a tight seal and prevent seaming of the core. 


Types or BLow Boxes 
5. Generally a blow box for blowing cores can be placed in one 
of three classes: 


The open face or dump type, such as a cover or chunk 
core. 
The vertical split type, such as bearing or pin cores. 


The horizontal split type, good examples being jacket or 


pipe cores. 


DESIGNING THE BLOWER CoRE Box 


6. In designing a blower core box, the first step is to determine 

the parting, then select the available machine best suited to blow 
the type and size core required. Examine the method of holding 
or locating the box in the machine and provide chucking surface or 
stop pads where needed. If the box is to be drawn on a core box 
drawing machine, bosses or pads will also be necessary. Handles 
will be required on some boxes, and these can either be cast on or 
fastened on after the box is completed. Also, where the core must 
be vented, bosses must be provided for the vent wire bushings. It is 
good practice to make the vent rod bushings of rubber to provide 
a tight seal around the vent rod. This is especially true for vent 
rods of 3 or %-in. diameter that are in position when blowing the 
core. 
7. After these preliminary steps, each job will require indi- 
vidual consideration and, in some cases, much experimental work, 
as cores now being blown successfully range from less than 1 oz. to 
over 300 lb. in a wide variety of shapes and sections. 


BLow Ho.ues AND EXHAUST SCREENS 


8. Size and location of blow holes and exhaust screens is an 
individual problem depending on the size and cross sections of the 
core as well as the type and mixture of sand used. 

9. Blow holes range from ;*; to 1-in. in diameter and are usually 
placed over the largest and deepest sections of the core, using as 
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few as possible. Many types of blow bushings and tubes are used 
with satisfactory results, but very efficient and inexpensive tubes 
ean be made of common seamless steel tubing, pressed in and 
eapped with a 1-in. thick steel washer, the inside diameter of the 
washer being the same size as the hole in the tube and the outside 
about 134-in. These steel washers provide a good seal around the 
holes in the blow plate and are easily spotted down or replaced 
when worn. They are held in place with three flat head screws and 
are interchangeable except for the inside diameter so that they can 
be made up in quantities and kept in stock. 

10. Exhaust screens also are from ;‘; to 1-in. in diameter and 
several types are on the market. All are efficient and a stock of 
each should be kept on hand as some can be used in certain places 
better than others. The locating of exhaust screens as well as size 
and number is also a separate problem with each core and requires 
experimenting with a few samples. It is a good policy to start with 
a few small screens placed in corners and places where air is liable 
to be trapped, try a sample and examine it for soft spots, then add 
to or enlarge the screens at or near these soft spots. If the air is 
exhausted too rapidly from the box as the sand is forced through 
the blow holes, it will cause a blasting action and much unnecessary 
wear on the box. However, it is often necessary, especially in shal- 
low boxes, to place steel wear pads directly under the blow tubes. 
A dise type pad for this purpose will be found quite easy to install 
or replace after showing signs of wear. Experience is most essen- 
tial in screening a blow core box, as size and shape of core, sand 
mixture and air pressure being used must all be considered. 


METHODS OF INCREASING PRODUCTION 


11. When the box is to be used on a draw-type blow machine 
it is often possible to speed production by having two or more 
lower half boxes to one upper. The upper half box is fastened to 
the head of the machine and while one core is being blown the other 
is being drawn, loose pieces or ram-up driers are being put in 
place and the box otherwise being made ready to be blown again. 

12. It is also possible in many cases to speed production by dis- 
pensing with the lower half ef the box and blowing directly inte the 
drier if the drier is made to exact size. In this method of blow- 
ing, proper size and location of blow holes and exhaust screens is 
very important. In making core boxes, the vents, if possible, should 
be inserted so they can be blown out from the opposite side. The 
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particles stuck in the vent will be cleaned out better in this manner. 
This method is more satisfactory than trying to blow through the 
vent where the particles are already imbedded. Very little if any 
screening should be done in the drier and much wear on driers can 
be eliminated with well placed and proper size blow tubes. The 
driers used must be solidly constructed, well ribbed and bosses pro- 
vided for installing steel bushings for the core box pins. The part- 
ing flange should be at least 1-in. wide and machined or well spotted 
and provisions made for clamping or locating in the machine. 


CONSTRUCTION OF CARRIER DRIERS 


13. Construction of carrier driers for blow machine boxes is 
practically the same as for other core boxes. They should be as 
light as possible and well ribbed to prevent warping. A clearance 
of 35 to ;7;-in. should be allowed all around carrier driers with a 
j;-in. radius at the top. The drier should be cut down 7;-in. below 
the joint line all over the face except for fitting pads about 
3. x 1-in. to be left at intervals where they will be easy to file and 
aid in straightening. Small holes countersunk from the outside 
and spaced about an inch apart will provide better heat distribu- 
tion when drying the core and also eliminate weight. Before fitting 
all driers should be annealed in an oven at about 500°F. for at least 
4 hours to relieve strains and prevent warping. 

14. Blowing cores is confined strictly to quantities and if the 
production demand is sufficient, equipment can be developed to a 
very high degree. However, as most foundries are of the jobbing 
type, cores are usually required in small quantities and this entails 
frequent changing of core boxes and blow plates. Therefore, in 
designing boxes for the lower production jobs, many methods can 
be developed whereby several similar boxes can be blown on the 
same machine without too frequent changing of the blow plate or 
adjusting the locating stops or clamps. 


CONCLUSION 


15. In conclusion, it may be stated that the design of blow core 
boxes, as of most foundry equipment, depends largely on the plant 
itself as well as the cooperation, experience and ingenuity of all 
persons involved. The proper design, making and use of the equip- 
ment and sufficient time spent at the start of the job will produce 
gratifying results. 








DISCUSSION 


Presiding: FRANK C. CecH, Cleveland Trade School, Cleveland, O. 
Co-Chairman: VY. J. SEDLON, Master Pattern Works, Cleveland, O. 
MEMBER: Have you ever used carboloy inserts for blowing holes? 
Mr. VAN SICKLE: No, I do not think there are any. Maybe on a very 
high production job, but the automobile industry is about the highest 
production job in blowing cores and I have not seen any hardened tubes. 

MEMBER: They are being used. 

Mr. VAN SICKLE: It is too easy to change them. Common seamless 
tubing is just pressed in and it is no trick at all to press it out and 
put in a new one. One tube is probably good for 200,000 or 300,000 cores. 

MEMBER: In regard to evacuation of air causing wear on the box, is 
it not necessary to have rapid evacuation in a core to pack your core 
solid? 

Mr. VAN SICKLE: There is a point there. It is difficult to determine 
when just enough air is being exhausted and enough is still being held 
back to keep from the blasting action. If your air exhausts too rapidly 
from the core box, the box will wear much faster. That point is very 
hard to determine. 

J. E. Kows': Have you ever attempted, before blowing the core, to 
calculate the amount of sand blown into the box relative to the amount 
of air exhausted from the box and the air pressure behind it; the area 
of the blow holes and the area of the vents? 

Mr. VAN SICKLE: No. But I would like to hear comment from some- 
one who has, to see if anything can be worked out along those lines. 

Mr. Koits: There seems to be quite a difference of opinion. It is the 
general consensus of opinion to put as many vent holes in a box as pos- 
sible; that is, without putting them in the side of the box where it will 
interfere with the draw and have a tendency to leave a rough surface 
on the side. In different instances, we have tried to arrive at 
the smallest number of vents to keep away from the abrasive action 
which acts as a sand blast in blowing the sand into the box; keeping 
the sand moisture and air pressure under constant control has quite a 
bit to do with it. In one sense of the word, we have to allow a little bit 
more vent to take care of a slight variation in moisture and air pressure. 
We have quite a variety of work. We run one job possibly 1% or 2 
hours on a blower and leave the same plate on the magazine with a 
separate blow plate over the face of each box. 

It is quite a common practice for people who are just starting in with 
the blowers to drill holes promiscuously about the plate without giving 
any thought to regularity. After considerable experience, we laid out 
the blow holes in a symmetrical manner in the magazine plate, whereby 
we could substitute any position of a hole in the blow plate over the 
box. Has anybody else had that same experience? 

Mr. VAN SICKLE: That is usually up to the individual shop. It all 
depends upon the type of work. Perhaps there are similar boxes that can 
be run that way. In some cases, slots are put in the blow plate. In blow- 


1 Caterpillar Tractor Co., Peoria, Ill 


264 








DISCUSSION 


Fic. 1—LooKING UP UNDER MAGAZINE OF CorE BLOWER MACHINE, View or Top HALF oF 
Two DIFFERENT CoRE Boxes MOUNTED ON THE SAME BLOW PLATE, PERMITTING THE BLOW- 
ING OF Two CoRES AT THE SAME TIME. 


ing a pin core box, there is one box with five or six cores and another 
with eight or ten. Maybe the spacing on one is an inch apart and on the 
other it is only %- or %-in., just put a slot down through the plate and, 
as long as the box is made symmetrically from the locating side, the row 
of pin cores can be blown right through a slot. There are a lot of cases 
where part of the holes are used and then the blow plate is put on top 
of the box as a stopper for certain holes. It is usual though in an open 
face box. 

M. J. GREGORY?: The speaker has brought out the point as to the 
number of cores and changes. I would like to bring out the point of 
venting core boxes. 

We will attempt to convey and illustrate a system of blowing and 
venting cores and core boxes we have found to work out very satis- 
factorily. Figure 1 shows assembly of blower magazine, magazine plate 
and blow plate, on which the core box is mounted. The magazine plate 
is constructed to fit on the magazine and is completely drilled with 
equally spaced holes as shown in Fig. 2. The purpose of these holes 
will be explained later. The blow plate is fastened onto the magazine 
plate. Note that this plate is the same size as the magazine plate. The 
blow plate has only the number of blow holes in it necessary to blow 
any given core box. You can now see that any desired hole location or 
series of holes in the bluw plate can be made to coincide with the corre- 
sponding hole or holes in the magazine plate. 


2 Caterpillar Tractor Co., Peoria, Ill. 
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It can be readily seen that all the holes in the magazine plate are 
not required to blow the core, as is illustrated in Fig. 2, so the holes 
not needed are automatically shut off by the blank, or solid space of 
the blow plate. Consequently only one magazine plate is required, but 
every core box must have its own blow plate. 

This arrangement is for use with a two piece core box, or, a top half 
and bottom half of core box where the sand is entered into the core 
box in a vertical position, or, blown directly in the top of box. Then we 
have the bottom half of the box. This half of the core box is placed on 
the bed of the machine located by a system of stops to align bottom half 
with top half, until the bed of the machine is raised and both halves are 
perfectly aligned by pins and bushings in halves of box proper. Let us 
bear in mind that the core box itself need not be a two-piece or split- 
type affair. An open face, or, we might say, a dump-type box works 
equally the same, the blower plate acting as the top half and the com- 
plete core box as the bottom half. The air and sand are now ready to 
be blown into the core boxes. 

Suppose we discuss one more phase of blowing cores. We at the Cater- 
pillar Tractor Co. think nothing of blowing 35 or 40 cores, then chang- 
ing and putting another box on the machine and blowing 35 or 40 more, 
because, after all, this is the class of work we have in production, and 
we find this setup very profitable. 





Fic. 2—View or Two oF THE BLOW PLATES THAT MOUNT ON THE MAGAZINE PLATE. THIS 
MAGAZINE PLATE Is UNIVERSAL, Fittinc ALL BLow PLATES MOUNTED ON CoRE BLOWER 
MACHINE. Note VENTS IN SIDES OF PLATE. 
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Fic. 3—Corg BLOWN Berore Driers Have BEEN PLACED INTO POSITION. 


First of all we have the blower magazine again. Onto the magazine 
a magazine plate is bolted such as is shown in Fig. 5. This magazine 
plate differs from the one previously explained, inasmuch as it has one 
large sand opening instead of many small sand openings. It differs 
again in its construction as it has two slotted flanges to accommodate 
the blow plate as shown in Fig. 5. This blow plate is a flat piece of 
steel onto which the core box is fastened. Note the four set screws “A” 
on each flange of magazine plate. By loosening these screws the blow 
plate may be removed from slots and a different blow plate substituted. 
In other words, one magazine plate with a particular sized sand opening 
hole, will accommodate as many core boxes as the contour of the hole 
will best fit the arrangement of blow holes in the core box. So, to sum 
up, one magazine plate is required for a certain range of core boxes; 
but another is required for a different range. 

It is very practical to ask a coremaker who is going to have anywhere 
from 7 to 15 changes a day, to arrange his core boxes of a size that will 
take a particular sized hole in the magazine plate, thereby eliminating 
any change to the magazine plate for the entire day’s run. In the event 
that a job having only 25 or 30 driers has been blown, and there are 
several jobs of this nature to be run, it is a simple operation to loosen 
the four screws on each of the two flanges of the magazine plate and 
slide the entire blow plate, with core box attached, out of the slotted 
flanges and substitute the blow plate for the next job. Tighten the 8 
set screws and the second job is ready to be blown. The change of set- 
up requires about 5 minutes at the most. You can readily see how this 
arrangement works with comparative ease. 

Now that is one way of going into the jobbing business and doing a 
very profitable job. A high production such as in the automotive busi- 
ness is not necessarily essential to prove out very satisfactorily. 

In our first experience with one machine, working on an average of 
approximately 12 hours a day, we were able to save $10,000 in one year 
with one machine. However, it cost us $9,000 to do all our experimental 
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work to arrive at something that might speed up the job. With an ex- 
penditure of $9,000 and a saving of $10,000 it told us we were on the 
right track. 

Now suppose we take up the venting of core boxes to dispense the air 
that has been blown in. I believe that one of the greatest mistakes we 
have all made in core blowing is trying to see how few vents we can 
put in a box and how much air pressure we can use in putting the sand 
in the box. The results were that we had a sandblast action rather than 
core blowing. Today we attack that problem from a different angle. 
We have found that the best theory, as well as the best practice, is to 
have plenty of vent holes in the bottom half of the core box. 

In blowing sand down into the core box, air is also being blown in. 
With vent holes in the bottom of the box, and sometimes in the side, the 
sand is going in and the air is going out through the bottom. Now there 
is also air coming up the top. It cannot be helped. Air will go out 
through the bottom as well as the sand going down. But air will come 
out through the top, and it is very important to put vents in the top 
half of the box, also. 

We will assume that we have vents through the top half of the box, 
of course, not conflicting with the ordinary steel tubing that is in the 
blow plate or the top box. But we will carry these small vents in 
through the plate and out through the side of the blow plate. (See Figs. 
1 and 2.) Thus, you have air going out the bottom as the sand comes in 
and air that is rising through the top and coming out through the side 
of the plate. 

You can blow cores very successfully with proper venting with 65 lb. 





Fic. 4—CoMPLETEeD Core AFTER GOING THROUGH THE OPERATION OF ROLLING OVER AND 
DRAWING Core Box, READY FOR THE CORE OVEN. 
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Fic. 5—View or CYLINDER LINER CorE Box MOUNTED ON BLOW PLATE AND MAGAZINE 
PLATE WITH SLOTTED FLANGES FOR HOLDING BLOW PLATE IN POSITION. 


of air pressure. A few years ago, when we had trouble, we put boosters 
in the air line to increase the pressure to 125, and, in some cases, to 150 
lb. per sq. in. All we had was sand blastings and we were wearing out 
our boxes. So we have vents going through the bottom. Air that nat- 
urally rises to the top goes through the vent holes into the top of the 


box, out through the top and out through the side of the plate. 

That is what we think is a fairly successful way of blowing cores, 
using as many vents as possible. Do not hesitate to put all the vents 
possible in a core box. They do not cost very much. We realize brass 
is hard to get but maybe we can use steel if we have to. 

VAUGHAN Rerp*: In putting a lot of vents into a job of that kind, re- 
member that the more openings there are, the more air that will blow 


Fic. 6—CONSTRUCTION OF Box FoR BLOWING STocK CorRES AND DRIER ARRANGEMENT. 
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through. So there is a happy medium in all things. The more air blown 
in, the quicker the core box will wear. 

These holes through which the sand is blown in hit the core box at 
some point or other. Those points are going to show worn spots very 
quickly if the air comes out too quickly. So there is a spot where it is 
necessary not to put too many outlets. 

Mr. Grecory: I will accept that as a constructive criticism. However, 
I would like to say there is no such thing as getting too many vents. The 
more vents you get in, the easier it will be on your core box. 

I want to bring out one more point. Cylinder liners are cast on the 
horizontal, using a dry sand method where the tolerance of the cast- 
ing is 0.018-in. The operation is successful in the foundry as well as 
in the machine shop. I want to bring out how that core is blown, espe- 
cially as it has a bearing on the wearing of the core box. It is not neces- 
sary to have a stock core to do this particular job but naturally it should 
be a core that lends itself to the job. 

To better illustrate the point I want to bring out, suppose we adapt 
a core box to the blower machine. This box is to make a cylindrical core, 
4-in. in diameter and 12-in. long. This box is going to be blown in a 
horizontal position with the blow holes coming down directly through 
the top half of the box. 

With blow holes in that plate blowing down into the core box, it can 
be seen that the sand is going to go down and hit the bottom of the 
box, and where that stream of sand hits the bottom of the box, whether it 
is at high pressure or low pressure, it will wear very, very quickly. We 
found after 500 or 600 cores, we were ready to buy new core boxes. 

Figure 3 shows the core box blown in a horizontal position, but from 
each end by use of two cast iron elbows or sand inlets. In other words, 
the sand is blown around a corner. The sand coming in each end meets 
in the center of the box and naturally backs up like a rubber ball. There 
is no abrasion on the core box. It is nothing unusual to blow 10,000 cores 
and find no wear at all on the core box and still, with the sand traveling 
around this angle and shooting in, it is surprising how long these cast 
iren elbows will last. This proves that if the sand has a free move- 
ment or the air can get out quickly, you have less wearing. Pay par- 
ticular attention to the position of the vents around each end of the 
core box. 

As the sand blows in towards the center and then the sand backs out 
towards the end, it forces the air out, and the air comes out through 
the end of the box. 

It is possible to blow a stock core, from 1%-in. up to any diameter, 
by that particular method. I do not think there can be too many vents 
in a core box. The more vents, the less abrasion and wear. 








Salvage and Reclamation of Aluminum Alloy 
Castings by Welding 


By A. T. Ruppe* anp A. J. Jurorr,** Sours Benp, INp. 


Abstract 


In these times of National production effort, the sal- 
vage of all products is an important item. In this paper, 
the authors explain the methods used by the company 
with which they are associated to salvage aluminum alloy 
castings by welding. They describe the proper technique 
for the reclamation of a defective casting and also the 
quality of the weid that can be expected when the welding 
is done by an experienced man. Test bars used in the 
investigation were cast in green sand molds in accordance 
with U. S. Army Specification No. 57-72. To show the 
effectiveness of the technique on various types of alumi- 
num alloys, test bars and castings were radiographed to 
show the quality of the welds. In addition, the strength 
properties, both welded and unwelded, of the test bars 
were determined to obtain information as to the effect of 
welding. 


1. Among the many questions which confront the non-ferrous 
foundryman when he considers the problem of salvage and recla- 
mation of aluminum alloy castings by welding, there are two 
which seem to be the most common. The first is concerned with 
the physical properties of the weld and the second with the con- 
sistent production of clean, sound welds. Radiographic inspection 
can provide adequate protection against defective welds, and much 
has been written on x-ray and gamma ray weld inspection. How- 
ever, there is very little specific information in the literature on 
the physical properties of welded casting aluminum alloys. 


* Assistant Fotfndry Superintendent and ** Metallurgist, Products Division, Bendix 
Aviation Corporation. 

Note: This paper was presented at a Non-Ferrous Session of the 46th Annual A.F.A. 
Convention, Cleveland, O., April 21, 1942. 
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Fic. 1—STRUCTURE OF WELD IN A 5 PER CENT SILICON ALLOY. MAGNIFICATION, x75. 


2. It is the purpose of this paper to present data showing the 
physical properties of cast and machined tensile specimens of 
three common aluminum casting alloys in the ‘‘as-cast’’ condi- 
tion and to compare these properties with those of similar speci- 
mens which had been cut in half, or notched, and butt welded. 
The information presented herein is at best incomplete, and repre- 
sents only the preliminary work done on the subject. 


3. Two examples of welded castings are included to illustrate: 
1. The type of foundry defect that can be welded, and 


2. The quality of weld that can be expected when the work 
is done by an experienced welder. 


EXPERIMENTAL PROCEDURE 


4. The test bars used in these experiments were cast in green 
sand molds according to U. S. Army Ordnance specification No. 
57-72. They were of standard design when cast, having a 14-in. 
shank diameter, a 2-in. gauge length and 34-in. stubs. 

5. <A portion of the test bars of each alloy were cut in half, 
single ‘‘vee’’ notched or double ‘‘vee’’ notched and then welded 
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together. Each bar was welded using a rod having the same nom- 
inal chemical composition. 


6. After welding, the Nos. 195 and 355 alloy bars were heat 
treated. The heat treatment of the 355 alloy consisted of a 16 hour 
solution treatment at 980°F., a hot water quench and artificial 
ageing at 325°F. for 6 hours. The 195 alloy bars were given an 
18 hour solution treatment, a hot water quench, and were aged 
at 300°F. for 4 hours. 


7. Because it was not thought suitable to pull a welded test bar 
with a bead left on the joint, all test bars, both the welded and the 
‘‘as-cast’’ units, were machined to a shank diameter of 0.400-in. 
plus or minus 0.010-in. In this manner, the strength of a ma- 
chined tensile specimen, which is normally somewhat lower than 
that of an ‘‘as-cast’’ specimen, was determined. 


8. All the test bars were radiographed before the tensile test, 
and those bars which would not pass an ordinary radiographic in- 
spection were discarded. A few specimens containing small de- 
fects in the weld metal were retained to observe the effect of 
slightly porous welds on the physical properties. 


Fic. 2—StTrRucTURE OF WELD IN A 4 PER CENT COPPER, 96 PER CENT ALUMINUM ALLOY. 
ETCHED WITH KeLLer’s ETCH. MAGNIFICATION, x75. 
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Fic. 3—A DEFECT IN AN ALUMINUM ALLOY CASTING. 


9. To insure uniformity of composition, all the bars of each 
alloy were poured from the same heat. The alloy designations’ and 
a typical analysis of each is given in Table 1. 

Table 1 


ALLOY DESIGNATIONS AND TYPICAL ANALYSES OF ALLOYS USED 








Per cent Alloying Elements 








AlloyNo.  Cop- Sili- Man-  Mag- Re- — 
1 per Iron con Zine ganese nesium Nickel mainder 
43 0.016 0.45 5.22 0.01 0.02 Al 
355 131 0.47 517 —— 0.02 0.53 ne Al 
195 4.36 0.638 0.69 —— —— 0.01 ae Al 


WELDING PROCEDURE 


10. The welding procedure used followed as closely as possible 


1 Superior numbers refer to references at end of paper. 
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that recommended by the Aluminum Company of America’. 


11. The test bars to be welded were cleaned with a wire brush 
to remove all traces of cutting tallow left by the band saw used to 
notch the bars. After cleaning, each bar was marked with a piece 
of earpenter’s chalk, placed on a gas heated grill, and preheated 
until the chalk mark turned white. The color change in the chalk 
occurs between 600 and 700°F. When the color change in a chalk 
mark became apparent, the welder removed the piece from the 
grill and immediately made the weld. During the deposition of 
the weld metal, the molten pool was well fluxed and puddled. 


12. The procedure for welding the castings was the same as that 
used in welding the test bars, except that the surfaces were pre- 
pared by melting away the sides of the defects with the torch. 


Fic. 4—Same CASTING AS SHOWN IN Fic. 8 APrek WELDING AND SAND BLASTING. 
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Fic. 5—RADIOGRAPH OF WELD SHOWN IN Fic. 4. 


Data AND DiIscussION 


13. The results of the tensile tests on the No. 43 alloy specimens 
are shown in Table 2. It is evident from the tensile data that the 
welded test bars are so nearly as strong as the ‘‘as-cast’’ bars that 
the differen¢e can be disregarded. 


14. In an attempt to find the reason for the excellent physical 
properties of the welded No. 43 alloy, sections were cut through 
the welds of several bars and polished for microscopic examina- 
tion. In every case, the weld metal was found to be much finer 
grained than the parent metal. Figure 1 is typical of the struc- 
ture found in welded No. 43 alloy. 


15. An explanation of the finer grained structure of the weld 
metal is found by a consideration of the welding process and of 
the casting characteristics of the 5 per cent silicon alloy. Welding is 
actually a casting process in which the sides of the piece or pieces 
to be joined form the mold. The thermal conductivity of the metal 
forming the mold is high, and the weld metal is rapidly chilled 
as it is deposited. It will be remembered that No. 43 alloy has 
a relatively narrow melting range and a comparatively «high 
fluidity. These characteristics enable the weld metal to fill the 
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Table 2 
Auuoy 43 As-Cast Test Bars—MACHINED 


Tensile Elongation, 

Specimen Strength, per cent in 
Number lb. per sq. in. 2-in. 

7 16,410 

10 15,840 

17 17,250 

17,300 

17,350 

16,800 

17,300 

18,050 

17,830 

16,800 . 

Average 17,090 3.85 


AuLoy 43 WELDED Bars—MACHINED 


Tensile Elongation, 
Specimen Strength, per cent in Welds 
Number _ Ib. per sq. in. 2-in. 


1 16,230 4.0 


¥ 
or 
* 


PP POO mh Om OC 
SCoOoMmNoMoN 











16,745 3.5 








16,580 2.5 








16,720 4.0 








16,800 4.0 








14 17,260 4.5 








16 17,200 4.0 








18 16,900 4.5 











19 17,650 4.5 





20 19,415 4.0 








Pa 
Z 
Ps 
<— 
<= 
= 
Zz 
> 
= 
ra 
= 


21 17,360 5.0 





22 16,230 4.0 








28 15,960 3.5 
Average 17,000 4.0 


* Defect at Fracture. 
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Fic. 6—SAND HoLes IN AN ALUMINUM ALLOY CASTING. 





Fic. 7—CasTInG SHOWN IN Fic. 6 witH SAND Hois REPAIRED BY WELDING. 
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Tensile 
Strength, 
lb. per sq. in. 


26,900 


Specimen 

Number 
H-1 
H-2 36,485 


33,650 
34,115 
29,350 


35,685 


28,495 


38,930 


35,060 


30,200 


31,300 


26,930 


32,860 


35,170 


36,180 


Average: 


Table 3 


Heat TREATED ALLOY 355 Test Bars—MACHINED 


Elongation, 
per cent in 
2-in. 


1.2 


1.5 


1.5 
1.2 
1.1 


1.5 


Welds 





= 


Jt —_— 





NOT WELDED 


NOT WELDED 





V = 








ay eet * 





NOT WELDED 





x - 





NOT WELDED 





ae ek 








1, See 








mee _> 








mw im 








S 
Ww > 








ai. 

; 
= 
= 
= 
° 
Pa 


WM > 








> 


a > 





As-Cast—36,185 lb. per sq. in. tensile strength and 1.8 per cent 


elongation. 


Welded—31,320 lb. per sq. in. tensile strength and 1.3 per cent 


elongation. 
X—Broke in Fillet. 
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‘‘mold’’ completely and freeze rapidly. In this way, the inherent 
characteristics of the metal combine with the welding process to 
produce the fine grained structure illustrated in Fig. 1. 

16. The tensile data for Alloy 355 bars is shown in Table 3. It 
will be observed that the average strength of the welded specimens 
is slightly over 88 per cent of that of the ‘‘as-cast’’ pieces. This 
average value is lowered somewhat by the low results obtained on 
bars H1 and H12. H1 was defective in the weld area whereas H12 


Table 4 


, Vd mn 


Heat TREATED ALLOY 195 Test Bars—MAcHINED 
























































Tensile Elongation, 
Specimen Strength, per cent in Welds 
Number _ Ib. per sq. in. 2-in. 
2 28,600 4.5 =. Be a 
3 24,500 1.5 = Bim Ss 
7 26,600 1.5 = ~~ = 
11 26,800 3.0 = me” te Ss 
12 26,400 1.5 = a ae => 
1 30,000 3.0 a V Fs 
4 27,700 4.5 = a ro 
8 28,100 3.0 = = > 
9 26,700 3.0 «te SZ = 
5 33,200 4.5 NOT WELDED 
6 33,700 4.5 NOT WELDED 
10 34,300 4.5 NOT WELDED 
14 33,900 4.5 NOT WELDED 
Average: 
As-Cast—33,275 lb. per sq. in. tensile strength and 4.5 per cent 
elongation. 
Welded—27,265 lb. per sq. in. tensile strength and 2.3 per cent 
elongation. 
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Fic. 8—RADIOGRAPH OF WELDED CASTING SHOWN IN FIG. 7. 


broke in the fillet. The x-ray film showed defective welds in bars 
H1, H10, and H12. However, these defects are not revealed in 


prints due to loss of detail in printing. 
17. Table 4 shows the physical properties of the welded and the 
unwelded Alloy 195 specimens. This group of test bars showed 


the greatest difference in the strength between the ‘‘as-cast’’ and 


Fic. 9—RADIOGRAPH oF ALLOY 355 Test Bars. From Lert to Ricut, Specimens Nos. 
H1 to H10, in Oper. 
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the welded units, the average ‘‘loss’’ in strength amounting to 
18 per cent. 

18. Figure 2 shows the structure of a weld in Alloy 195. Here 
the difference in grain size between weld and parent metal is not 
so great as in the 5 per cent silicon alloy because the Alloy 195 
contains very little silicon, which apparently acts as a grain growth 
inhibitor. The black irregular spots in the photomicrograph are 
porous areas. 

19. Figure 3 shows a portion of a rough Alloy 43 casting con- 
taining a mis-run. Figure 4 shows the same casting after the 
defect had been welded shut, and the casting sand blasted. A 
radiograph of the welded casting is shown in Fig. 5. 


20. Figure 6 shows two small sand holes in an Alloy 43 ear- 





Fie. 10—RaprocRAPH oF ALLOY 355 Test Bars. From Lert to Ricut, Specimens Nos. 
H11 to H15 tn Orper. 
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buretor casting. While such defects do not structurally weaken 
the casting, they are sufficient grounds for rejection of the unit. 
Figure 7 shows the same casting with the sand holes welded over, 
and Fig. 8 is a radiograph of the weld. 


SUMMARY AND CONCLUSIONS 


21. It is possible to repair defects in No. 43 aluminum alloy 
sand castings and to secure, in the welded region, physical proper- 
ties equivalent to those of the parent metal. 

22. Castings of Alloys 355 and 195 also can be repaired by 
welding, but a slight loss in strength is to be expected, even if the 
eastings are heat treated after the welding operation. 

23. All castings repaired by welding should be radiographically 
inspected to insure sound welds. 
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DISCUSSION 


Presiding: W. J. Latrp, Westinghouse Electric & Mfg. Co., East Pitts- 
burgh, Pa. 

Co-Chairman: WM. RoMANOFF, H. Kramer & Co., Chicago. 

D. L. LONGEUVILLE!: Do you use the same type welding rod as the 
original metal? 

Mr. Ruprpe: Yes. We cast our own welding rods in the foundry and 
supply them to the welder. 

Mr. LONGEUVILLE: Are the castings pre-heated? 

Mr. Rupre: All castings are pre-heated. 

MEMBER: How about distortion? 


1 Wright Aeronautical Corp., Cincinnati, Ohio. 
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Mr. Ruppe: Distortion is not a great problem with us. 

MEMBER: Some of those castings appeared to be in the last stages of 
machining. 

Mr. Rupre: That is correct, but even then, we had very little trouble 
with distortion and warpage. 

JOHN Marpick?: Do you heat-treat again after welding a heat-treated 
alloy? 

Mr. Rupee: Yes. Ninety-five per cent of our work is with 43 alumi- 
num. 

MEMBER: I would like to add to what Mr. Ruppe has said by saying 
that welding has been in practice in the foundry for some time. 

Mr. RupPe: The welding is conducted by the machine shop. The weld- 
ers belong to the machine shop. 

A. CRISTELLO*?: When a casting has a defect, who decides as to whether 
it should be welded or not? 

Mr. RupPeE: All castings that require repair work are presented to a 
jury of three, who represent our Engineering Department, Plant In- 
spection and Customer Inspection. Those three individuals decide as to 
whether a casting is to be salvaged or not. 

Mr. CRISTELLO: I assume you are doing Army or Navy work. Where 
does the Navy or Army come in on the inspection of this? 

Mr. Ruppe: They are our customers. 

MR. CRISTELLO: They do not object, do they? 

Mr. RuPPE: No. 

Mr. CRISTELLO: Do you find that your efficiency in the foundry or 
machine shop is very low? 

Mr. RuprPe: Six per cent of the total castings handled in the shop 
in the month of March were repaired by welding. The majority of 
these defects were caused purely through carelessness. A great number 
of the defects were caused by machine operators. One of the worst of- 
fenders seems to be stripped threads. With all the necessary handling 
of these castings it is easy to drop one and bang up a boss or corner. 
What are we going to do, throw them away? There may be $100 repre- 
sented in one of these machined bodies. That’s a lot of money. 

H. J. Roast‘: I think that the company should be very much con- 
gratulated in having the backbone to admit they set out to accomplish 
this sort of salvage. Their success indicates the reasonableness of their 
attitude. 

We in Canada have got to do things very much along those lines. We 
are no better foundrymen than you are, and so we have made castings 
that also are defective. We cannot get on with this war effort if we 
are going to stick to old regulations that are impracticable. 

I speak in connection with English specifications going back to the 
days when they cast guns in bronze and then wound them with wire. 
Those specifications, in our country, are still pertaining in many cases. 
Something must be done along these lines and I think this company and 


2 American Magnesium Corp., Fairfield, Conn. 
3 Bendix Aviation Corp., Bendix, N. J. 
4 Canadian Bronze Co., Ltd., Montreal, P. Q., Canada. 
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this representative should be heartily congratulated. I hope that others 
here and in our country will follow in their footsteps to get good cast- 
ings—everybody wants them good—but good castings salvaged in a 
proper way. 

M. V. HEALEY®: I wish to concur with the authors’ findings on the 
fact that, welding in 955 aluminum-silicon alloy, we have been able to 
at least equal the properties of the original casting and sometimes even 
to better it. 

CHAIRMAN LAIRD: In the welded physical properties, you stated that 
the physical properties of the weld in the 5 per cent silicon alloy were 
equal to or greater than the parent metal on many occasions, while with 
the other two alloys they were less. 

Mr. Rupre: About 80 per cent. 

CHAIRMAN LAIRD: Is that due to the fact they are heat-treated? 

Mr. Rupre: No, I think it is the alloy itself. I think the 5 per cent 
silicon alloy has better castability. I think you can do a better weld job. 

CHAIRMAN LAIRD: The conventional welding rod is the 5 per cent 
silicon, of course. 

Mr. Rupee: No, we use the parent metal. For instance, on 195 we 
make a 195 weld rod, and on the 355, we make a 355 weld rod. 

D. V. Lupwic*®: Do you think that the difference in the materials 
in welding might be due to burning-out some of the alloy constituents, 
particularly the magnesium? 

Mr. Rupre: We did not check the 195 and 355 alloys because we were 
not nearly so interested as we were in the 43 results. 

Mr. JuroFF: Mr. Chairman, if I might add a few words on the welda- 
bility of 195 and 355 alloys, the 195 especially seems to be more diffi- 
cult to weld. The 195 has a considerably wider melting range and it 
seems to pick up more gas. The micrographs usually show small pores 
scattered throughout the weld metal, although the fusion is good. 

Mr. Lupwic: I may be a little out of line on this but I do know that on 
one occasion in salvaging magnesium castings, welding was resorted 
to and it seemed to be successful. That was on a magnesium casting, a 
special job where somebody had designed the pattern incorrectly and 
left off the boss. So they put the boss on and it worked all right. 

Mr. Rupre: Has anyone here done any experimenting with welding 
rod? We find it a hard job keeping the welders satisfied with rods. The 
rods are never any good. The welder never makes a bad weld—it’s al- 
ways the fault of the rod. It doesn’t seem to make any difference 
whether the rod is cast in “green” or “dry” sand or in a permanent mold; 
the rod is still no good. 

MEMBER: We do quite a bit of work in 40-E, not heat-treated, and we 
have had examples of blow holes, as all foundries do. We have used 
both our own 40-E rod and the Aluminum Company’s rod. We did not 
know the composition of the rod. We have been able to weld sections 
slightly less than %-in. thick and get good, solid welds that will stand up 
under hydraulic pressures of 3,000 lb. per sq. in. and they show no trace 


5 General Electric Co., Schenectady, N. Y. 
6 Capitol Foundry, Inc., Astoria, L. I., N. Y¥. 
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of cross-sectional differences under the X-ray. I think it is a very wise 
thing to do and it is certainly possible to build up sections even as thin 
as 1/16-in. 

CHAIRMAN LAIRD: It has been our experience in attempting to weld 
the heat-treated alloys, the 195 and 355, in which case we attempted to 
use the as-cast rod, that we had the same experience as you have had. 
The welder claimed the material was no good but by subsequently rolling 
the cast rod and increasing its density, we were able to improve it. Our 
experience checks with yours, so far as we know that we make the best 
weld with a 5 per cent silicon rod on the 5 per cent silicon material. It 
is my impression that the 80 per cent approach to the normal physical 
properties in the weld on the heat-treated alloys is due to the welding 
material rather than to the fact that it is subsequently heat-treated. 

Mr. Lupwic: Did you find difficulty with blistering or gassing in the 
welding of 40-E? 

MEMBER: No. 

Mr. Lupwic: With the zinc? 

MEMBER: That is done very close to the melting point. The surface is 
scraped and the welding rod is added. It is carried down to as low a tem- 
perature as we can possibly get the metal to flow: 

MEMBER: On the welding of the flange for the copper adapter, were 
any tested in service? 

Mr. Ruppe: There are parts of the carburetor that we are not allowed 
to weld and the flange of the adapter is one of them. 

MEMBER: I just wondered whether you have had any rejection of 
those? 

Mr. RupPe: We have never had a service rejection on a welded cast- 
ing in the past two years in which we have gradually built up our 
salvage procedure. I have just made a statement that I think is the crux 
of the whole matter of welding castings. I said that we were not al- 
lowed to weld parts of the carburetor. You can see we still have some 
selling to do. We’ve completely proved to ourselves that we can weld 
a metal equal to or superior to the parent metal. We know we can 
guarantee a clean, solid weld with proper fusion since we can inspect the 
weld with X-rays. However, the engineers, the inspectors, and the cus- 
tomers still refuse to let us weld in certain areas. Why? Evidently be- 
cause we haven’t fully convinced the boys that welding is a safe and 
sane means of repairing 43 aluminum alloy castings, no matter what 
the defect. You can rest assured that we’ll do everything possible to 
eliminate the cause but will still put up an argument before we remelt 
a casting. 





































A Metallurgical Study of Cast Iron for Glass 
Forming Molds 


By W. H. Bruckner*, Urspana, Iuu., anD Harry CzyzewskI**, 
Prorta, Iu. 


Abstract 








The prime requisite for the working surface of the glass 
mold is that it polish highly and be free from imperfec- 
tions. Thus far, cast iron has been used as the material 
for glass molds, and the authors have investigated the 
effect of structure on the life of glass molds. In the fore- 
part of their paper, they discuss the microstructures of 
such molds and the causes for failure. They also point out 
the difficulties encountered in production due to the fail- 
ure of such molds. Although cast iron has been used, the 


A ap am RUNN a 


; life of various molds varies considerably. To test the 
F effect of the type iron and its treatment on glass mold 
: failure, an accelerated cracking test was devised. The de- 
H gree of cracking in the specimen after a given number of 


quenchings from 1100°F. indicated the relative resistance 
: of the irons to heat checking. The various type irons and 
their treatments are recorded in the paper, together with 
results of the accelerated cracking tests. 


1. Permanent metal molds came into use in the glass industry 
when cast iron was substituted for the previously used molds of 
wood and plaster. Modern, automatic machine methods of glass mak- 
ing require a large number of blank and finishing molds which are 
fixed to a rotating table operating at high speeds. The blank molds 
alternately receive the hot glass, the partially formed ware is dis- 
charged to a finishing mold, and the blank molds are cooled by an 
air blast or a water spray for the subsequent glass forming cycle. 


The finishing molds are put through a similar cycle and discharge 
* Research Assistant Professor of Metallurgical Engineering, University of Illinois. 
** Junior Engineer, Caterpillar Tractor Company. 


Note: This paper was presented at a Gray Iron Session of the 46th Annual A.F.A. 
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to the conveyor which carries the ware to the annealing ovens. 

2. In starting a glass forming machine, it is necessary to heat 
the molds externally with a gas burner, or other means, to the de- 
sired operating temperature of between 1250° and 1100°F. at the 
surface of the blank mold in contact with the glass. Lubrication of 
the mold, plungers and neck rings is practiced during glass-making, 
and consists of the application of a deposit of carbon from an 
acetylene flame or burning paraffin oil, etc., on the surface in con- 
tact with the glass. This surface is called the working surface in 
the remainder of the paper. 


Requirements of Mold Surface 

3. The present, wide-spread use of cast iron for mold material 
is indieative of satisfactory economic and technical factors in its 
use for glass-making. The prime requisite of the working surface 
of a glass mold is a highly polished surface which is free from im- 
perfections. This demands the close grain and sound metal ob- 





Fic. 1—Suction BLANK MOLD. 
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Fic. 2—TyYPICAL MICROSTRUCTURES OF A CAST IRON MoLp. A (Upper Lert)—AtT WorKING 

Surrace. B (Upper Ricut)—AT 7.5 MM. BELOW WorKING SuRFACE. C (Lower Lerr)— 

At 15 mm. Bgetow WorkINnG Surrace. D (Lowsr Richt)—AtT 26 mm. BELow WorKING 
Surrace. ALL ETCHED IN 5 PER CENT NITAL, MAGNIFICATION, x75. 


tainable by casting against a chill. Another important requirement 
is that of easy machinability, since many of the molds must be 
shaped by hand to the desired contour. To obtain a high degree of 
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machinability in the chill and to produce a graphite-ferrite-pear] 
ite structure, it is usual for the mold iron to have a high silicon 
content. 


4. Fig. 1 shows one half of a blank mold used in the suction 
process of filling the mold with glass. In this process, the blank 
molds skim the surface of the glass tank and the glass is sucked 
into the molds, the excess glass at the bottom of the mold is sheared 
off and falls back into the tank. 


Microstructures of Mold 

5. Figs. 2 and 3 show the gradient in the microstructure re- 
sulting from the action of the chill. The distances from the work- 
ing surface of the mold are indicated and it can be noted that a 
widely dispersed condition of fine graphite in a rosette pattern 
exists at the surface. The size of the graphite, and the pearlite con- 
tent, increase away from the chill. At the surface, pearlite is en- 
tirely absent but in F, Fig. 3, it constitutes about 10 per cent of 
the area of the micrograph. This is the usual structure of the 
gradient in a chilled mold iron, which would have a composition in 


| 
f 


. 








Fic. 3—TypicaAL MICROSTRUCTURE oF Cast IRON MoLp at 37 MM. BELOW WorKING Suwr- 
FACE. ETCHED IN 5 PER CENT NITAL, MAGNIFICATION, x75. 
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Fic. 4—HARDNESS GRADIENT oF GLASS MOLD. 


the range of 3.65-3.75 per cent total carbon, 2.0-2.75 per cent silicon, 
0.5-0.6 per cent manganese, 0.1 per cent sulphur, and 0.2-0.3 per 
cent phosphorus. The hardness gradient across the chill to the sand 
east side of the mold is shown in Fig. 4. The decrease in hardness 
is attributed to the increasing size of the graphite and porosity. 
The maximum hardness at the working surface is sufficiently low 
to provide excellent machinability. 


Failures 

6. Service failure of glass molds is usually due to cracking, 
which starts at the working surface and progresses into the body 
of the mold in a direction normal to the working surface. The prac- 
tice of the glass house is to sand blast the working surface of the 
mold periodically to remove the scale and expose the cracks that 
have formed. If the mold cannot be cleaned up with a high polish, 
free from cracks, it usually is discarded. An example of a mold 
which was run for a longer than usual period is shown in Fig. 5. 
The network of deep cracks on the working face can readily be 
seen. The more usual cracking, which is sufficient to require that 
the mold be discarded, is shown in Fig. 6. 


Results of Mold Failure on Operation 
7. The necessity for discarding the cast iron glass-forming 
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blank molds used in the suction process is reported by the glass 
industry to occur at any time between the production of 200 to 
50,000 gross of glassware. Occasionally several molds in a large 
shipment will fail at a low grossage while the remainder are satis- 
factory. However, in the event of unsatisfactory glassware due to 
roughness resulting from a cracked mold, the glass-forming ma- 
chine must be stopped while the faulty mold is replaced, and the 
new mold is heated to the operating temperature. 

8. The inconsistent service life of molds, and their occasional 
rapid failure, promotes dissatisfaction in the glass industry with 
the use of cast iron for the molds. A study of the metallurgica! 
factors which influence the service life of glass molds was con- 
sidered to be the first step in answering the problem presented by 
the glass industry to the foundry. To do this required the coop- 
eration of the glass house to supply molds for a study of the ecrack- 
ing phenomenon, and of the foundry to supply cast irons whose 
susceptibility to crack formation could be evaluated and related 
to metallurgical factors. 


MATERIALS 


9. A number of glass-forming molds were obtained from the 





Fic. 5—Suction BLANK MoL_p SHOWING NETWORK OF WELL-DEVELOPED HEAT CHECKS. 
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Fic. 6—SucTIoON BLANK MoLp Wuicu Has Bren Discarpep, Dug TO CRACKING. 


glass industry. Some of the molds had given excellent service while 
others failed by cracking after a short service period. All of the 
molds that were of interest were sectioned and examined to deter- 
mine the paths of the cracks, and the microstructure. 

10. The first application of an accelerated cracking test, to be 
described later, was made on bars of low and high strength gray 
cast iron which were cast in a sand mold. The chemical composition 
of these bars is shown in Table 1. On completion of the tests on the 
low and high strength iron, a series of cast blocks was obtained in 
the compositions shown in the lower part of Table 1. The blocks 
of cast iron with the compositions shown were 6x9x2%-in., in size; 
the SA1, SA2, and SA3 irons were sand cast, and the irons desig- 
nated CAl, CA2, and CA3 correspond in chemical composition 
with the SA series, but were cast with one 6x9-in. face against a 
metal chill. 





294 Cast IRON FOR GLASS FORMING MOLDs 

11. The irons of the T series, TF, TP1, and TP2, were also cast 
with one 6x9-in. face against a metal chill. They represent plain 
irons of different pearlitic content, increasing in the order given. 
The chiller used for the blocks of iron in series ‘‘T’’ and ‘‘C’’ 
was a cast iron block of the same size as those supplied for test 
This method of casting provided the same type of 
gradient from chill-cast to sand-cast surface as exists in the actual 


specimens. 
elass-forming mold. 


PROCEDURE 


12. A laboratory test was devised which would produce crack- 
ing of test specimens in a shorter time than when the cast iron was 
used as a glass mold. It was found that a simple procedure of 
heating specimens of cast iron to 1100°F. and quenching in water 
at room temperature produced cracks similar in nature to those 
observed in the examination of glass molds. The specimens to be 
cycled in this manner were lathe turned from the sand east bars 
of low and high strength iron to 2-in. diameter and cut to 2-in. in 
length. They were then given a high polish all over and tested. 
Periodic descaling, after every 10 cycles, was practiced to visually 
observe the extent of cracking which was obscured by the presence 
of seale. These tests were continued to 40 cycles. Similar tests were 
made on smaller cylinders 1-in. in diameter and 1-in. long to deter- 
mine the effect of mass on the severity of cracking. 

13. When these preliminary tests had established the success of 


Table 1 


CHEMICAL COMPOSITION OF Cast IRoN Test Bars 





—— Composition, Percent 





Total Man- Phos- Sul- Chro- Molyb- 

Carbon Silicon ganese phorus phur Nickel mium denum 
Sand Cast Bars 
1.2-in. and 2-in. 
Diameter 
Low Strength 3.56 2.25 0.59 0.45 —— — — doneiel 
High Strength 3.11 1.75 0.51 0.225 0.10 1.25 0.60 — 
Sand Cast Blocks, 
6x9x2\o-in. 
SAl 3.39 2.23 0.68 —- -—- 1.25 0.45 0.50 
SA2 3.57 1.50 0.68 ——- —— 1.20-1.50 0.20-0.30 
SA3 3.50 2.02 0.65 —— -_-—— — —  0.35-0.45 
Chill Cast Blocks, 
6x9x2%-in. 
CAl1 3.44 2.40 0.66 —- —— 1.25 0.45 9.50 
CA2 3.57 1.50 0.68 — —— 1.20-1.50 — 0.20-0.30 
CA3 3.50 2.00 0.80 _— = > —  0.35-0.45 
TF 3.61 2.99 0.67 - = - -—~ — 
TPl 3.55 2.76 0.66 - = -- oo -— 
TP2 3.60 2.50 0.66 — —— — 
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the testing procedure in determining comparative susceptibilities 
to cracking, specimens were taken out of the cast blocks for similar 
tests. The specimens were again 2-in. in diameter and 2-in. long 
with a drilled and tapped hole in the center of one flat face for a 
threaded 14-in. rod, on which the specimens were suspended dur- 
ing the test. In the ease of the chilled irons of series ‘‘C’’ and 
‘T,’’ one flat face of the cylinder was prepared by removing just 
enough material from the chill surface to give a smooth, highly 
polished surface, the other opposite flat face contained the threaded 
hole. The cylinders taken out of the sand-cast blocks of series ‘‘S’’ 
were similarly prepared. The specimens were then cycled in the 
eracking test, the chilled irons being subjected to a maximum of 
20 cycles and the sand-cast irons to a maximum of 40 cycles. 

14. To determine the effect of a modification of the microstruc- 
ture, other specimens, which had previously been given the fol- 
lowing heat treatments, were subjected to the cracking test: 

1. Anneal.—Chill cast irons of series ‘*T’’ and ‘‘C,’’ 
brought slowly to 1450°F., held for 4 hours and furnace cooled. 

2. Spheroidize.—Chill and sand cast irons heated slowly to 
1280°F., held for 100 hours and furnace cooled. 

3. Quench and Draw.—Chill east irons of series ‘‘T’’ and 
‘*C,’’ heated slowly to 1650°F., quenched in oil, reheated to 
1280°F., and furnace cooled. 

15. At the conclusion of the cracking tests, a study was made 
of the microstructure and the type of cracking which oceurred. 
Hardness tests also were made to determine the hardness gradient 
across the chill- and sand-cast region in the as-cast and as-heat- 
treated condition, and compared with the hardness gradient occur- 
ring in actual blank molds. 


Discussion OF DaTa 
16. The low and high strength sand-cast bars, whose composi- 
tions are given in Table 1, had hardness values of 75 and 98 Rock- 
well ‘‘B’’ and tensile strengths of 20,500 and 54,000 lb. per 


sq. in., respectively. Their behavior in the cracking test can be 
stated as follows: After 10 cycles, the number of cracks observed 
in the high strength iron was slightly more than in the low strength 
iron. After 20, 30, and 40 cycles, the heat cracks in the specimens 
of low strength iron outnumbered those in the high strength iron. 
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The specimens of high strength iron had more severe cracks, being 
both deeper and wider than those in the low strength iron. 

17. Parallel tests made with smaller cylinders of the low and 
high test iron 1-in. in diameter and 1-in. long, showed no cracking 
until after 10 cycles, and only a few cracks developed up to 20 
eycles. At the end of 40 cycles, the relative severity of cracking 
of low strength and high strength iron was approximately the same 
as for the 2-in. diameter cylinders. 

18. The small cylinders were more resistant than the large 
eylinders to the formation of heat-checks, apparently owing to the 
mass effect in intensifying cracking in the cylinders of larger mass. 
The benefits attainable in reducing the mass of material under- 
going similar cycling in heating and cooling could be obtained by 
modification of the glass-mold design to prevent the use of exces- 
sively massive molds. 

19. Table 2 gives the results of accelerated cracking tests ear- 
ried out on specimens taken from the cast iron blocks, the composi- 
tions of which are shown in Table 1. For the as-cast, plain irons 
of series ‘‘T,’’ the data are incomplete with respect to observations 
of the number of cycles undergone before the initiation of cracks. 


Table 2 
NuMBER OF CycLEes BEFORE CRACKING OccuRS 

As Maximum 
Specimen Received Annealed Spheroidized Pearlite 
TF 1-2 1-2 3 
TPl 7-8 1-2 2 
TP2 3-4 4 4 
SA1 slight fine 
SA2 cracking cracks 
SA3 at 40 at 7-8 
CA1 8-9 22-23 5 8-9 
CA2 5-6 5-6 1-2 5 
CA3 4 6 1-2 2 


However, the series ‘‘T’’ and ‘‘C”’ irons, in the as-cast condition, 
had approximately the same resistance at the start of cracking, but 
the alloy irons of series ‘‘C’’ were less severely cracked at the end 
of 20 eycles than were the plain irons of series ‘‘T.’’ This com- 
parison is made in Fig. 7, which reproduces the appearance of the 
chill-east face of the as-cast specimens at the end of 20 cycles of 


heating and cooling. 
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Fic. 7—APPEARANCE OF CHILL-CAST IRON SPECIMENS SUBJECTED TO ACCELERATED CRACK- 
ING Test FoR 20 Cycies. Lert—Tor, TF; Center, TP1; Bottom, TP2. Ricgut—Top, 
CA1; Center, CA2; Bottom, CA38. 
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20. The as-sand-cast irons of series ‘‘S’’ were the most resistant 
to cracking and were only superficially cracked at the end of 40 
eyeles. The cracks in the sand-cast irons were more numerous than 
in any other specimens and had a network appearance. The sand 
cast face of the specimens taken from the chill cast blocks had a 
similar high resistance to cracking. 

21. The annealing heat-treatment was most effective in increas- 
ing the resistance to cracking of the CA1 iron, while the spheroidiz- 
ing heat treatment in every case reduced the resistance to cracking 
below that of the as-cast irons. The quench and draw, designed to 
give maximum pearlite, appears to have been ineffective in modify- 
ing the resistance to cracking. This was an unexpected result, 
since the specimens were expected to have a higher resistance to 
cracking on the basis of the relief of tasting stresses alone and espe- 
cially on the basis of the fine pearlitic matrix of high strength. 
which was established by the quench and draw treatment. 


MICROSTRUCTURES 


22. The gradient in microstructure from the chill- to the sand- 
cast face of the cast iron blocks is represented by three regions 
shown for the CA1 iron in Fig. 8, where CA1A represents the chill 
area, CA1B, the middle of the 214-in. thick block, and CAI1C, the 
sand cast area of the block. The chill areas of all the alloy irons, 
CA1, CA2, and CA3, are shown in Fig. 9, and for the plain irons, 
TF, TP1, and TP2, in Fig. 13. It is evident in Fig. 9 that the 
prominence of the dendrites increases in the order of CA1, CA2, 
CA3, which is also the order of decreasing resistance to cracking, 
as indicated in Table 2. In Fig. 10, the plain irons have an increas- 
ingly dendritic appearance in the order of TF, TP1, TP2, which 
is the approximate order of increasing resistance to cracking. 

23. It would appear from these data that the susceptibility to 
eracking in the plain cast irons may not be directly related to 
their dendritic structure. Observation of a large number of heat 
cracks in the cast iron specimens indicates, however, that the paths 
of the cracks are influenced by the dendrites as typified by the 
micrograph of Fig. 11 for such a crack in the CA1 specimen. The 
chill area is at the right, and the crack progresses from the chill 
to the interior from one graphite cluster to another, and along the 
dendrites. 
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Fic. 8—MICROSTRUCTURES OF CHILL-CAST ALLOY IRON CAl. THE AS-POLISHED STRUCTURES 

(Lert) SHow GRAPHITE SIZE AND DISTRIBUTION AT A MAGNIFICATION oF x50. Tue ETCHED 

Structures (RicHtT) SHow DISTRIBUTION AND AMOUNT OF GRAPHITE, PEARLITE, FERRITE 

AND Hicu PHosprorus AREA AT A MAGNIFICATION OF x150. Top Row—CA1A; CENTER 
Row—CA1B; Bottom Row—CAIC. 
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Fic. 9—MICROSTRUCTURES OF CHILL-CAST ALLOY IRoNS CAl1, CA2 anp CA3, IN THE CHILL 
Area A. Lert—As-PoLisHep, x50. RicgHT—ETCHED WITH 5 PERCENT NITAL, x150. Top 
Row—CA1A; Center Row—CA2A; Bottom Row—CA3A. 
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Fic. -10—MICROSTRUCTURES or CHILL-casT PLAIN Irons TF, TP, AND TP, IN THe CHILL- 
AREA A. Lert—As-PoLisHep, x50. RIGHT—ETCHED WITH 5 PERCENT NITAL, x156. Tor 
Row—TF; Center Row—TP1; Bottom Row—TP2. 
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24. The sand cast irons, which were most resistant to heat crack- 
ing, are characteristically without evidence of a dendritic struc- 
ture, and have large flakes of graphite, as indicated in Fig. 12 for 
the SAl iron. The effects of the heat treatments given the irons 
before subjecting them to the accelerated cracking tests, may be 
followed in Fig. 13, which shows the microstructures of the CA1 
iron chill region before and after heat treatment. 

25. In the as-cast condition, the structure consists of lamellar 
pearlite, ferrite, and the usual rosette-graphite in the chill area. 
The anneal has partially spheroidized the pearlite, but the greater 
portion still remains lamellar; the partial spheroidization was 
probably occasioned by the slow cool from the annealing tempera- 
ture. The spheroidizing heat treatment is shown to have quantita- 
tively transformed the lamellar pearlite to spheroidal form, thus 
providing a totally ferritic matrix. The quench and draw is shown 
to have produced a fine pearlitic matrix with a minimum of free 
ferrite. 

26. The lower resistance of the totally ferritic matrix, as com- 
pared with the pearlitic matrix, is believed to be due to the removai 
of the barrier to the advancing crack. 

27. The lamellar pearlite represents a barrier, since its presence 
causes the deflection of the direction of the crack into ferritie or 
graphitic areas. The low resistance of the quenched and drawn 
iron, on this same basis, would appear anomalous, since it is al- 
most totally pearlitic, and should have given a maximum resistance 
to eracking. The microstructure of the annealed iron is interme- 
diate between that of the spheroidized and the quenched and drawn 
condition. Its high resistance to cracking is ascribed to the balance 
between lamellar pearlite and free ferrite which was attained. 
An examination of glass molds which had produced an unusually 
low grossage of ware before cracking, indicated that the pearlite 
in the chill and slowly cooled regions had been practically com- 
pletely spheroidized. The degree of spheroidization precluded 
the possibility of it having oceurred during the brief service 
life of the molds, thus it was considered to have oceurred 
during an anneal prior to machining. In view of the results of the 
accelerated tests, it was concluded that the heat treatment of the 
molds did not provide them with maximum resistance to cracking. 
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HARDNESS GRADIENTS 


28. Hardness surveys were made with the Rockwell ‘‘B’’ 
indenter on the chill- and sand-cast irons. These are shown for 
the alloy irons in Figs. 14 and 15. Similar hardness surveys were 
made on the heat treated specimens of the CA] alloy iron and are 
shown in Fig. 15. The uniformity in hardness of the sand-cast iron 
across the 214-in. thick block casting is indicated in Fig. 14. The 
hardness values decrease in the order of Al, A2, A3 for both the 
‘C’’ and ‘‘S”’ series. The effect of the heat treatment on the hard- 





Fic. 12—MICROSTRUCTURES oF SAND-CAST ALLOY IRoN SA1l. Lerr—As-POoLIsHeD, x50. 
RiGHT—ETCHED WITH 5 PER CENT NITAL, x150. Top Row—SA1E; Bottom Row—SAIC. 
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Fic. 183—Mucrostructures oF Heat-TreatTep Iron CAl EtcHEeD WITH 5 PER CENT NITAL, 
x500. Tor Lert—CA1A, As-cast. Top RighHtT—ACA1A, ANNEALED. Bottom Lerr— 
NCAISA, SpHexomwizep. Bottom RightT—PNCAI1A, QUENCHED AND DRAWN. 


ness gradients is shown, in Fig. 16, to have been least for the quench 
and draw given to specimen PNCAI1. The hardness of the 
spheroidized specimen NCA1S is a minimum while that of the an- 
nealed iron ACA1 is intermediate between PNCA1 and NCAIS. A 
curve has been drawn below the hardness gradient for ACA1 to in- 
dicate the porous region in the slowly cooled portion of the cast- 
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ing where a considerable spread in hardness is encountered. 

29. Table 3 gives the physical properties of the sand-cast bars 
of the same composition as the ‘‘T’’ and ‘‘C’’ series of irons which 
were cast at the same time as the block castings. These values are 
no indication of the properties of the chill portion of the chill- 
east blocks but serve as a guide to show the effect of varying the 
chemical composition. The tests were made by the Gunite Foun- 
dries Corp., Rockford, Ill., which supplied the data for Table 3. 
For the alloy series, the CA1 iron, having the maximum resistance 
to cracking, had a lower modulus and ultimate strength than either 
CA2 or CA3. CA1 also had the maximum hardness of the alloy 
series. There is, however, no consistent relation between resistance 
to cracking and physical properties for the CA1l, CA2, and CA3 


irons or for the ‘‘T’’ series. 


SUMMARY AND CONCLUSIONS 


30. Cast iron of the composition studied, when cast in a sand 
mold, is most resistant to cracking during the alternate heating 
and cooling of the accelerated cracking test. The advantages of 
such an iron which contribute to the high resistance are the lack 
of a definitely dendritic structure, and the uniformity of the 
microstructure and physical properties over the cross section of 
the casting. The microstructure of the as-sand-cast irons consists 
mainly of coarse graphite, lamellar pearlite, and varying amounts 
of ferrite. The lamellar pearlite contributes to the high resistance 


Table 3 
PrysIcAL PROPERTIES OF Cast IRON SAMPLES 


Transverse 


Strength, Modulus 

lb., on Deflection, Ultimate, of Rupture, 
Specimen 18-in. centers in. lb. per sq.in. Saxd_ Ib. per sq. in. 
TF 1720 0.32 £1500 538 4560 
TP1 1750 0.33 20380 530 4630 
TP2 1780 0.32 18600 556 4710 
SA1 2830 0.28 1010 7500 
CA1 2050 0.21 28800 977 5340 
SA2 
CA2 3000 0.35 37200 857 7950 
SA3 2350 0.27 29500 871 6220 


CA3 2400 0.27 29400 888 6350 
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to cracking, since a spheroidizing heat treatment, which transforms 
the lamellae to spheroidal form, reduces the resistance to cracking. 
The sand-cast irons, however, have an open, porous structure, and 
it is not possible to polish the surface to the degree required for 
the working surface of a glass forming mold. 

31. Chill-east irons, when subjected to the accelerated cracking 
test, show an early failure, and the cracks formed are relatively 
fewer and more severe than those formed in a sand-cast iron of 
the same composition. The severity of cracking in chill-cast alloy 
irons is less than in the case of the chill-cast plain irons, although 
the initial cracking in both irons takes place in approximately the 
same number of cycles. The use of the three metals, nickel, chro- 
mium, and molybdenum, as additions to the chill-cast iron, pro- 
duces a superior product which is most resistant to cracking. The 
response of this chill-cast alloy iron to an annealing heat treatment 
is such as to give a greatly improved resistance to cracking. 


32. The formation of an entirely ferritic matrix in the cast 


irons, by means of a spheroidizing heat treatment, reduces the 
resistance of the irons to cracking. The formation of a matrix of 
fine lamellar pearlite, by means of a quench and draw heat treat- 
ment, gives the chill-cast irons no increased resistance to cracking 
over that of the as-cast iron. Both the spheroidized and the 
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quenched and drawn iron had been stress relieved at 1280°F., and, 
therefore, represent the minimum and maximum strength of the 
matrix, respectively, under comparable conditions. The hardness 
of the annealed iron is intermediate between that of the iron in 
the spheroidized and the quenched and drawn condition. The 
microstructure of the annealed iron is also intermediate between 
that of the latter two irons. The matrix is composed of free ferrite, 
partially-spheroidized pearlite and lamellar pearlite, which ap- 
parently gives a desirable combination of ductibility in the ferrite 
for absorption of the thermal shock and high strength in the lamel- 
ler pearlite to resist the spread of cracks. Accurate control of the 
annealing operation would, therefore, appear to be necessary to 
attain a balanced microstructure for maximum resistance of the 
glass mold to cracking in service. 
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DISCUSSION 


Presiding: S. C. Massari, Association of Manufacturers of Chilled 
Car Wheels, Chicago, IIl. 

Co-Chairman: R. G. MCELWEE, Vanadium Corp. of America, Detroit, 
Mich. 

J. S. Vanick! (written discussion): It is evident from an examina- 
tion of this paper that the authors were confronted with the problem of 
studying the complex and elusive property of susceptibility to heat check- 
ing because, as they point out, this property in many cases determined 
the performance of the castings in service. Foundrymen who make these 
castings have long been familiar with the need to produce surfaces which 
will be easily machined and capable of taking a very high polish. This 
polished skin must be preserved to transmit its luster to the finished 
glassware. 

The very requirements of glass mold castings present a collection of 
contradictions in physical properties. It is known, for example, that a 
moderately hardened iron will acquire a higher polish than an extreme- 
ly soft iron. One means of achieving higher hardness is to produce a 
stronger iron with less graphite. However, this accentuates heat check- 
ing, as the authors point out. It is also known that strength is an unim- 
portant property in the case of glass molds. Therefore, the problem 
of achieving a high polish in heat check resisting irons points toward 
the development of a high carbon, highly graphitic, moderately hardened 
and easily machinable iron. 

Our laboratories have also expended considerable time on the heat 
checking problem, and have developed a technique for qualitatively dis- 
tinguishing between various cast irons. Our results agree with those of 
the authors that, for similar base compositions, a sand cast iron is su- 


1 International Nickel Co., New York, N. Y. Data supplied by Mr. Vanick’s asso- 
ciates, Messrs. J. T. Eash, K. A. DeLonge, A. P. Gagnebin and F. B. Rote, Research Lab., 
International Nickel Co., Bayonne, N. J. 
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perior to chill cast iron in resistance to heat checking. Chill cast irons 
invariably develop a dendritic graphite structure, so that in this respect 
they resemble uninoculated gray irons. However, inoculants are not 
especially effective in the very high carbon types of gray irons, but if 
such irons are chill cast then inoculation should prove beneficial. It 
might be worth the emphasis to point out that the chill cast irons re- 
ferred to here are gray or graphitic right up to the surface of the 
chilled face. Chill cast irons with a white-iron (non-graphitic) skin, we 
find, are more susceptible to heat checking than their chill cast gray 
companions. 

We can further agree with the authors that a low carbon iron is in- 
ferior to a high carbon type, and in some of our work these composi- 
tions have been tested for extremely wide carbon contents ranging from 
2.0 per cent to 4.0 per cent. It would be preferable in the case of these 
irons to emphasize the relationship between their carbon or graphite 
contents rather than with their tensile strengths. For example, a cast 
iron containing 2.8 per cent carbon and no alloys might be made to 
develop a tensile strength of 40,000-50,000 lb. but a high carbon iron of 
3.4-3.5 per cent carbon with the same tensile strength could be made 
to possess a more superior resistance to heat checking than its lower car- 
bon, lower graphite companion of the same strength. Thus, by simply ob- 
serving the graphite content of various cast irons our results would in- 
dicate that a white iron with no graphite is very easily heat checked. 
It would be followed by low carbon, low graphite, dendritic types of 
uninoculated irons which are improved by inoculation, and these in turn 
would be inferior to higher carbon types where the graphite prevailed 
in a normal flake pattern corresponding to the structures shown by the 
authors for their sand cast irons. These are further improved by cor- 
rectly alloyed irons whose compositions are adjusted to possess a high 
degree of toughness when hot and a low dilation intensity for the vem- 
perature conditions imposed upon the working surfaces. Figure 17 shows 
the relative difference in degree of heat checking. 

In paragraph 8 the authors mention the dissatisfaction which occa- 
sionally threatens cast iron molds. We have attempted to meet these 
cases with a casting grade of nickel which possesses a higher thermal 
conductivity and better oxidation resistance than cast iron. It machines 
easily, has a Brinell hardness under 140 and may be chill cast to obtain 
excellent surface. Glass molds cast from such alloys have given satis- 
factory performance but their relatively high cost has led toward the 
development of composite-metal molds with a cast iron back and working 
face of the cast nickel alloy. In making these molds a %-in. nickel liner 
was first cast, the outer surface then prepared and the cast iron backing 
cast around it. 

The thermal conductivity of cast iron is not affected to any important 
degree by small changes in composition, but a change to nickel nearly 
doubles the thermal conductivity, and the hot toughness of the material 
offers a further advantage in its resistance to heat checking. 

The coefficient of expansion of nickel and cast iron are so nearly 
alike that the separate materials when cast into a bonded composite tend 
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Fic. 17—Recative DirrerENCE IN HEAT CHECKED APPEARANCE AT x25 AFTER 10 CYCLEs. 
A—Cum. Cast Wuite Iron. Fartep Arter One HEATING. TOTAL CARBON, 3.15 Par 
Cent; Siicon, 0.90 Per Cent. B—SaNp Cast, UNINOCULATED Low CARBON IRON. 
ToTaAL CARBON, 2.40 Per Cent; Smicon, 2.27 Per Cent. C—Sanp Cast, INOCULATED 
Low CARBON Iron. ToTAL CARBON, 2.40 Per CENT; SILICON, 2.27 Per Cent. D—SAND 
Cast, Moperate CARBON IRON. ToTAL CARBON, 3.30 Per CENT; SILICON, 1.90 Per CENT. 
E—SANpD Cast, Low SmLicon, NICKEL-CHROMIUM ALLOYED IRON. ToTAL CARBON, 3.30 PER 
Cent; SILICON, 1.37 Per Cent; NICKEL, 1.62 Per Cent: -CHromiuM, 0.61 Per Cent. F— 
Sanp Cast, High CARBON, NICKEL-MOLYBDENUM ALLOYED Iron. ToTaL CARBON, 3.65 PER 
Cent; Smicon, 1.28 Per Cant; Nicxat, 2.00 Per Cent; MoLtyspenum 0.45 Per CENT. 
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Fic. 17 (ConTINUED)—G—SaANp Cast, High CarBoN, NicKeL-CHKOMIUM-MOLYBDENUM 
ALLOYED IRON. TOTAL CARBON, 3.75 Per CENT; SILICON, 1.31 Per CENT; NICKEL, 2.00 Par 
CENT; CHRoMiIuM, 0.40 Per CENT; MOLYBDENUM, 0.35 Per CENT. 


to retain their bond when subjected to temperature changes, and the 
combination will retain a thermal conductivity substantially higher than 
cast iron by itself, viz.: 


Thermal Con- 
ductivity K* 


Cast iron, 3.30 per cent total carbon—1.90 per cent silicon ...... 0.110 
CE ee fons ccackiivdbdedkssen qntseaeedeeeneeete 0.200 
%-in. Cast (C.G.**) nickel plus 1%-in. cast iron ............5. 0.158 


R. D. SMITH? (written discussion): Many of the points brought out 
as a result of your investigation can be agreed with, particularly the 
findings in regard to the apparent superiority of unchilled iron in accel- 
erated tests as contrasted with its actual unsuitability for reasons of 
poor mold and glass ware finish. 


While the work apparently covers bottle mold iron and particularly 
“blank” or “parison” mold iron investigation, it is believed desirable that 
the reader should be cautioned in regard to the limitations of any ac- 
celerated test. It is very difficult to simulate the actual mold heating and 
cooling cycle. In press molds, for instance, the heating cycle differs 
markedly from that used in the accelerated test. The use of intimate 
hot glass contact with the mold surface followed by air or wind cool- 
ing, with water used only in internal cooling cavities of plungers, rep- 
resents the press mold cycle as contrasted with furnace heating and 
water quenching in the accelerated test. Several suitable press mold 
compositions come to mind which would fail rapidiy in the test outlined 
in the article under discussion. 

Any accelerated test should be confirmed by having mold materials 
of known service life fail in the same order in the test and in service. 

*K = Cal/Cm3/C0. 


**C. G.—Casting Grade. 
2 Glass Technology Department, Corning Glass Works, Corning, N. Y. 
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With regard to the bibliography, it is recommended that the work of 
J. S. Vanick, “Metallurgical Analysis of Glass Mold Cast Irons,” THE 
GLAss INDUSTRY, July and August, 1938, be included. 


CHAIRMAN MASSARI: There is just one thought I would like to in- 
ject here with regard to the question of thermal checking. Our desire to 
produce material ideally suited to resist thermal checking almost estab- 
lishes an incompatibility. An iron resistant to thermal checking is one 
high in strength but likewise having a low modulus of elasticity. For 
a given temperature gradient, a lower stress level results within the 
casting in an iron having a low modulus of elasticity. Unfortunately, 
high strength irons are usually the ones of high modulus of elasticity 
as well. As a result, it is customary to use a relatively moderate 
strength and, hence, a rather low modulus of elasticity. 


Mr. VANICK: I would wish to classify these irons on the basis of 
their graphite content rather than high strength. I do not know whether 
you agree with that comment entirely, but in discussing Prof. Bruckner’s 
paper the point was emphasized that in distinguishing between the high 
strength and low strength irons of Table 1, there is quite a difference 
in carbon content. It is possible to make a pretty strong iron of high 
graphite content with very low modulus. 


CHAIRMAN MASSARI: I appreciate your point and it is well taken. 


Mr. BRUCKNER: From the work that we have done, I would say the 
aim should be for the lowest possible strength for these molds. The 
higher the strength goes, the more severe the cracking becomes. 


CHAIRMAN Massari: I think that, however, is coincidental with high 
modulus of elasticity, Prof. Bruckner. Low modulus of elasticity in the 
face of high tensile strength results in a high factor of safety to resist 
the alternating stress due to the strains that are caused by the tempera- 
ture gradients. 


Mr. BRUCKNER: We can speak of the elastic modulus of a bar or 
other specimen of uniform cross section but the modulus of the chill 
castings and the strength can be expected to vary along the gradient 
established by chill casting one face and sand casting the opposite face 
of the casting. That is why we have undertaken to test small bars along 
this gradient and establish the strength and modulus as a function of 
distance from the chill surface. The further data for the series of cast 
irons described in this paper will be available at some future date. 


Mr. McELWEE: I want to confirm everything that Dr. Vanick has 
said. All our experiments on hot working dies and parts subjected to 
heat checking have indicated that we can run the total and the graphitic 
carbons high, and alloy to get what strength is necessary. We are not 
concerned too much about the strength of the casting. We are actually 
doing what you say, getting low modulus iron by running graphitic car- 
bons very high. The only function of the alloy is to provide the necessary 
mechanical strength. Actually the high carbon iron does the job of pro- 
ducing low modulus iron beautifully. 
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R. L. BINNEY*: No member could be more appreciative of this inter- 
esting paper than we are. I have spent 30 years, almost exclusively, in 
this one field that deals with the coordination of the production of glass 
as related to the molds in which it is formed. Years in actual glass 
house work have taught us the mold problem from the glass producer’s 
standpoint. For the past 20 years, we have devoted our metallurgical 
efforts almost exclusively to this field. We, therefore, feel we have 
sufficient background to appreciate this discussion, and to assist in the 
correct outlining of the problems involved. 


The remarks by Mr. McElwee cover, in brief, the problem of heat 
cracking. For some years, we have selected only such irons as have a 
low modulus, as this is helpful in preventing heat shock cracks, which 
we think of as mass action cracking. The other type of cracking, which 
some call “checking,” are small surface cracks, and develop on prolonged 
use. This form of cracking is different, and we consider it fatigue crack- 
ing. Here the ultimate strength probably plays a greater part than in 
the heat shock cracking. Both types of cracking are at least partially 
eliminated by selecting an iron of low modulus and adding alloy for 
strength. 

This mold subject is quite complex, even though it is a small corner 
of the metallurgical field. The paper is admirable in that it has brought 
the matter to general attention. I think, however, the problem could 
have been attacked in a more comprehensive manner had the author 
stated at the outset more of the difficulties encountered, and then dis- 
cussed each as a problem. It is well to point out that no one iron or al- 
loy is a panacea for the many mold requirements. For this reason we 
have developed a series of both ferrous and non-ferrous alloys to meet 
varying conditions. To accomplish this the iron should possess the fol- 
lowing characteristics: 


(1) Be able to take a very fine polish free from surface defects. 

(2) Resist the formation of scale. 

(3) Resist cracking due to heat fatigue, heat shock and physical im- 
pact. 

(4) Freedom from warpage and growth. 

(5) Low coefficient of expansion. 

(6) Correct heat conductivity. 

(7) Resistance to abrasion. 

(8) Sufficient malleability. 

(9) Good machinability. 

(10) Coxrect mechanical design. 


These are not all the requirements that must be considered, as there 
are many special problems encountered that require much thought and 
experience before they can be correctly solved. We will mention some of 
the points involved applying to each of the above requisites. 

Glass must have an acceptable surface. This is becoming more and 
more an important factor, hence the polish of the mold, which directly 


3 Binney Castings Co., Toledo, O. 
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affects this characteristic, must be excellent. Some irons will take a 
good polish, but will develop pitting in service. This is often due to 
the removal of the free graphite which the iron cannot retain because 
of expansion and contraction at the surface, and the sticking action of 
the glass. I suppose the majority of glass produced today is from 1800° 
to 2200°F. at the moment of contact, hence the surface of the mold is 
subjected to high temperatures. This causes expansion and contraction, 
rapidly developing flaws which have been polished over, and removes 
some free graphite. When we think of a satisfactory surface, we think 
of one that will operate a maximum amount of time. Upon this ability 
to maintain a good surface, depends in a large measure the value of the 
alloy. If the time is short, the mold must be removed and repaired, and 
this is an expensive operation. It requires slowing down or stopping of 
the machine, and interrupts the production. The plugging and peen- 
ing costs can be a considerable item, and this destroys the detail cut in 
the mold. 

Molds that scale readily require frequent cleaning. The formation 
of scale causes marking on the glass, and a foggy appearance develops 
as the scale gets heavy. This is one of the chief reasons for changing 
molds. Molds that can be run a long time where the surface is not im- 
portant, develop scale to such an extent that the glass has a pitted ap- 
pearance, and only in certain commercial work can this be tolerated. 

Cracking has always been one of the most aggravating difficulties of 
the glass manufacturer, and has been one of our chief metallurgical 
provlems. Cracking of a glass mold is not a simple matter, as the cracks 
may result from various causes. When glass at an average temperature 
of 2000°F. comes into intimate contact with the mold, the surface tem- 
perature of the mold rises rapidly, and there is a decided temperature 
gradient between the surface and the back of the mold. This intimate 
contact lasts but a few seconds when “wind,” as the glass manufacturer 
says, is blown on the heated surface. This cycle of heat and cold sets 
up stresses and strains, and produces fatigue cracking at the surface. 
These cracks may go deeply into the casting as the length of time the 
mold operates increases. Most ware today where the marks cannot be 
completely eliminated by fire finishing is thrown out as rejects and the 
mold is discarded. When the gob or clot of glass drops into the mold, 
there may develop a heat shock failure or what we call mass cracking. 
Molds subjected to this sudden impinging of molten glass must he able 
to withstand this temperature shock. This type of cracking is much 
deeper and usually starts at some sharp point in figured molds. We fre- 
quently find only one type of cracking, but sometimes both. With proper 
alloys, you can avoid both for very long periods of time. Some molds 
open and close to eject the glass. On closing, partially set glass -may 
come between the parts and physical strains and impact may cause 
cracking. 

We do not regard highly the cracking test as discussed in the paper. 
We feel it does not cover the various types of cracking adequately. It is 
a useful test, but it would be better if coordinated with a test where heat 
and wind were alternately applied to the surface of the mold. We are 
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able to do this by having two jets play upon the surface, one a flame, 
and the other wind. This is not a perfect test, but does coordinate well 
with water shock tests, several of which we have developed. 

Warpage and growth are dependent on the type of iron, and at times 
the design of the mold. In molds where the body is of more than one 
piece, the warpage is quickly noticeable along the edges and can be 
detected by the light showing through as the glass is being formed. 
After warpage starts, the molds are reshaped when cleaned, and some- 
times the growth is arrested, but usually an iron showing this defect 
at the start is poor material, and should be discontinued. 

The coefficient of expansion is a most important characteristic, espe- 
cially when different irons are used for duplicate parts of the same 
mold. It is not unusual for the expansion of one part to be 0.002-in., 
while that of the other may be 0.004-in., and in cases like this, the proper 
closing of the mold is impossible. One can readily see the amount of 
trouble that results from the use of different irons in the same mold, 
and this often occurs. In designing a mold alloy, one of low coefficient is 
most desirable, and though the other characteristics may be excellent, 
an iron with a high expansion may completely ruin its usefulness. 

The conductivity of the metal has a great deal to do with the rate of 
production. By varying the thickness of the mold, temperature can be 
controlled within restricted limits, but since the mechanical design can 
be changed but little, much dependence upon design is futile. Even in 
cases where the manufacturer is glad to change his mold design, operat- 
ing conditions frequently interfere. This is one of the reasons why it is 
necessary to have a series of alloys to meet various conditions, for by 
employing alloys of different heat conductivities, it is possible to control 
the rate of production which is now an uppermost consideration. Molds 
that operate at very high speeds, producing large numbers of bottles 
or tumblers per minute, must be able to dissipate the heat. They must 
cool rapidly in order to maintain the correct temperature required for 
the high rate of production. When the molds do not cool rapidly the 
glass does not set, and the product is rejected. Opposite to this is the 
desire of hand shops for the retention of heat in the mold as many of 
them produce only four objects per minute, and the mold must remain 
hot while in service or a crizzled and defective product results. 

Not only must the mold have the correct characteristics to withstand 
the high temperatures, but it must be able to resist wear from a purely 
abrasive point of view. Various glasses differ in their physical action 
toward the mold. Some are more abrasive than others, and tend to wear 
down the details of finely cut molds. All such failures are costly to the 
glass producer, as the machine work or die-sinking is expensive, and a 
mold must wear long in order to keep down the unit costs. 

If the mold is sufficiently malleable, it may be peened where worn 
and considerable production still obtained. The great trouble here is 
that when certain alloying elements are used to resist scale and cracking, 
the peenability or malleability of the mold is often poor. 

Unfortunately, the machine shop has a great deal to say about the 
alloy selected, although this is not true today in some large modern 




















9 


318 CAST IRON FOR GLASS FORMING MOLDs 


companies. Formerly, if a mold metal machined nicely and worked easily 
so that they could produce a bright shining mold in a minimum amount 
of time, the alloy was considered most desirable. For this reason many 
inferior materials got into the glass house only to produce headaches 
and losses as the chief recommendation was the way the metal machined. 
Even today, we find this condition prevalent where the machine shop 
has a voice in the selection of the metal. 

As previously mentioned, the mechanical design of the mold has a 
great deal to do with its successful operation, but here many limiting 
conditions are imposed by the operating mechanisms which cannot be 
changed, so the complete revamping of molds from a mechanical stand- 
point is not to be attempted or given as an excuse for failure. The 
chemical and physical characteristics of glass are vital factors, and vary 
widely in different plants. These, in conjunction with the rate of pro- 
duction, produce problems which require much thought. They cannot be 
solved simply by producing an alloy that will withstand cracking. 

Preheating of molds is an important factor. Some of the factories 
have regular preheating furnaces where the molds are brought up to 
temperature. In this way their resistance to cracking and shock is im- 
proved. Other plants heat their molds simply by dropping hot glass into 
them which is a severe test for the best of metals. 

Molds are lubricated with various mixtures of oil and graphite, sul- 
phur, wax, etc., and this adds another burden to the mold metallurgist. 
The action of free sulphur is well known, and is a detriment, although 
we have seen some of the finest molds swabbed with sulphur as the op- 
erators insisted it produced better glass and aided production. 

Attempts have been made to impregnate the surface of the iron, and 
to plate it, as well as to use various lubricants, and a complete presenta- 
tion of the subject should include a review of all of these efforts. 

Until now, the discussions of the analyses of glass molds have been 
inaccurate and more a matter of opinion than of scientific research. 
For example, consider just one element. One metallurgist claims that 
0.06 per cent combined carbon gives best results, while another insists 
that 0.60 per cent combined carbon is the optimum for the same molds. 
We have read various discussions in the literature which, while acting 
as helpful forerunners of correct knowledge, are to be taken with a 
grain of salt. 

We do not believe this mold question can be attacked without first 
stating the problem more completely. The present paper has not done 
this, and we believe it would be helpful if it were developed from more 
angles than those presented. After many years, we realize that there 
are more phases to this work than appear on the surface, and much 
good research must be done before final sets of specifications can be 
made. We have never found even a series of iron alloys to completely 
cover the requirements, and have been forced into many years of metal- 
lurgical research on the non-ferrous alloys as a supplement to the irons. 

We feel the paper is a stimulating introduction to what may, at some 
future date, be developed into a more complete analysis of this inter- 
esting subject. 
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MESSRS. BRUCKNER and CZYZEWSKI (authors’ closure): It is zratify- 
ing to have the greater part of the comments made by the discussers in a 
complimentary vein. It is especially significant that support for the 
data obtained comes from a wider experience in the service behavior of 
cast irons than our own. 


We appreciate Mr. Vanick’s observations on the apparent correla- 
tion of graphite content and resistance to thermal checking. The 
further observation of Mr. McElwee to the effect that the higher 
graphite content reduces the elastic modulus is interesting, if ac- 
tually the case. We regret that substantiating data are not at hand. 
One effect of increasing carbon content has been noted in the literature* 
as a decrease in the coefficient of expansion almost linearly with carbon 
content. Such reduction in thermal expansion would be as effective as 
a lower elastic modulus in reducing the stress level. The paper referred 
to further notes a decrease in the coefficient with up to 1 per cent nickel, 
2 per cent copper, 8 per cent aluminum, and up to 0.5 per cent chromium 
in the cast iron composition. 


The question brought up by Mr. Massari is answered by both Mr. 
Vanick and Mr. McElwee in that control of the elastic modulus of the 
iron can apparently be achieved with high carbon content. However, 
Mr. Massari has the same problem in control of a gradient in the manu- 
facture of the chilled iron car wheels as we had in the chill casting for 
the glass-forming mold. Subject to experimental verification we can 
expect a variation in properties, with position in the chill gradient, of 
the cast iron mold and the chill iron car wheel. At present it is not 
known how the elastic modulus and strength vary with distance from the 
chilled surface nor how effective in reducing strength and modulus is 
an increase in temperature to the testing temperature of 1100°F., and 
to the highest temperature reached by glass molds in service. Mr. 
Vanick’s comments with respect to graphite content were aimed at ex- 
plaining the difference in resistance to thermal checking of our low and 
high strength sand-cast bars. Mr. McElwee also presumably referred to 
sand-cast irons for hot working dies and parts. Whether the simple ex- 
pedient of increasing carbon content will provide greater resistance to 
thermal checking of chill-cast irons remains to be seen. We will cer- 
tainly include a series of chilled irons having a wide variation in carbon 
alone for our future studies. 

The alternate heating and cooling presents a fatigue problem in which 
the elastic modulus and temperature differential determine the stress 
level. The manner in which the stress is distributed and the disposition 
of the weakest portions of the internal structure of the iron will deter- 
mine the rapidity with which a local check will propagate into a major 
crack. An increase in graphite content in a chill casting would not 
eliminate dendrites, thus the directional weakness along the graphite 
clusters making up the cores of the dendrites would still be present. 
The formula for the ideal situation which Mr. Massari reached for ver- 
bally is low modulus of elasticity to provide a low stress intensity for a 








* Sohnchen and Bornhofen, Arcuiv Fir DAS EISENHUTTENWESEN, vol. 8, 1934, p. 357. 
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given temperature differential, adequate strength which will not be ex- 
ceeded by the stress level to which the iron is brought by the maximum 
temperature differential to which it is subjected. Furthermore, the iron 
should be chilled to furnish the surface required for glass forming and 
should have, above all, excellent machinability but should contain no 
dendrites. Obviously this charts the region of the impossible toward 
which further research can aim. 

Mr. Binney’s discussion is concerned with the actual conditions which 
exist in the glass house where the cast iron molds are put to use. His 
discussion would indicate his preference for the word “abuse” as the last 
word in the previous sentence. We have seen the operators of these 
glass-making machines swabbing the working face of the molds with 
powdered sulfur and rubbing out hot spots with sticks of red rubber 
and felt almost as Mr. Binney about the apparent abuse of the cast iron. 
However, the records of from 15,000 to 50,000 gross of ware produced 
from good molds subjected to this type of service are proof that the 
foundries can meet the glass industry’s specifications on occasion, if 
not consistently. 

Regarding Mr. Binney’s criticism of inadequate statement of require- 
ments of molds, we thought that we had stated the two major require- 
ments of (1) surface perfection, and (2) machinability which applied 
to any glass mold, irrespective of the glass-making process or machine. 
For our observation of service failures, the most severe condition en- 
countered in glass making was chosen, i.e., the blank mold operating on 
the suction process. Any progress in developing more resistant irons 
for this service could be applied to meeting the requirements of molds 
subjected to less severe conditions in other glass-forming processes. 

Mr. Binney says that he determines the resistance of his cast iron to 
thermal checking by cooling the hot casting in water. We therefore 
consider it unnecessary to apologize for the test which we have estab- 
lished for accelerating the study of the thermal checking of cast irons. 
We have found in testing certain materials that we can obtain prac- 
tically complete insensitivity to cracking in the drastic cooling to which 
the specimens are subjected. We have been able to evaluate the relative 
resistance of different irons by means of the test and full information 
regarding the temperature differentials during cooling and heating has 
been obtained experimentally. The test is therefore not as crude as it 
appears. For detecting small differences in susceptibility to thermal 
checking less drastic cooling would appear to be essential and will be 
applied in further studies of the more resistant irons culled from the 
many tested as described in the paper. The next step in more fully sat- 
isfying the demands of the glass industry is the service testing of actual 
glass-forming molds cast in the composition and given heat treatments 
as prescribed by the research for optimum properties. Such tests have 
been carried out currently by F. W. Dixon, Jr., of the Gunite Foundries 
Corporation, and it is our belief that his reports, when available for 
publication, will furnish an interesting and valuable chapter in the his- 
tory of improvement of cast iron for glass-forming molds. 

Dr. Smith’s comments indicate that in the various methods of forming 
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glass there is a considerable difference in the thermal cycle undergone 
by the cast iron mold. He and Mr. Binney urge the same caution in in- 
terpreting the results of the accelerated test in terms of service life on 
different glass-making machines. We have exercised this caution in 
planning to have such service tests made after the accelerated test had 
been used to weed out the less resistant irons. With respect to the press 
mold cycle it is of interest to note that it is usual for a large flat tray 
mold (press mold), for example, to fail by local checking just under the 
region where the hot glass is delivered to the machine. The rest of the 
mold would be in fair shape when it is discarded due to severe cracking 
in the central region as noted above. Here the failure may be intensified 
by the non-uniform heating as contrasted with the possibly higher tem- 
perature of a blank suction mold but more uniform over the working 
surface. It is unfortunate that we have only qualitative information on 
the thermal history of blank and finishing molds during various glass- 
making service. When actual thermal cycles in the mold are available 
for all of the permutations and combinations of glass making, it will be 
less difficult for the foundry to meet the specifications of the glass 
industry. 

We wish to thank all those who took part in the discussion and thus 
made possible comparison of the data obtained with similar data ob- 
tained in other tests. The discussion also supports our thought as to 
the importance of determining the elastic modulus in our current re- 
search program and in service testing of the cast iron compositions 
which is currently being carried out. 














Acid Electric Furnace Slag Control 


By JOHN JUPPENLATZ*, LEBANON, PA. 


Abstract 


The author first discusses the recent developments made 
in slag control in the process of steel melting. Then he re- 
views some schemes to determine slag conditions, describ- 
ing “viscosimeter” developed by Dr. Herty. Continuing, 
the author discusses slag sampling and gives details of 
the components of steel slags, showing the relationship of 
silica, tron oxide, manganese oxide and calcium oxide te 
each other. Effects of lime content are described and the 
reaction occurring in acid furnace slags. The volume of 
slag is given special attention. The author, in concluding 
the paper, advocates standardized procedure in melting 
practices with control of the slag through use of the vis- 


cosimeter. 


1. The subject of slag control in the process of melting steel 
has, in the past few years, received considerable attention. A re- 
view of many recent papers! by Frank G. Norris covers the sub- 
ject of slag control in basie open-hearth furnaces. Practically all 
of the published data concerns the basic practice, indicating the 
physical chemistry of the slag and steel making process. Informa- 
tion given in a paper by Herty’ has been of great value to the basic 
producers of steel in controlling and maintaining definite types of 
slags in producing a stipulated grade of steel. More consistently 
uniform physical and metallurgical properties are possible by 
proper slag control. Great strides of progress are acknowledged 
by the basic producers of slag controlled steel’. 

2. Published data upon acid slag control is meager and quite 
limited. In 1939, the technical and operating executives group ot 


* Chief Metallurgist, Lebanon Steel Foundry. When the paper was written the author 
was connected with The Treadwell Engineering Co., Easton, Pa., as chief metallurgist. 

1 Superior numbers refer to bibliography at the end of the paper. 

Note: This paper was presented at a Steel Session of the 46th Annual A.F.A. Con- 
vention, Cleveland, O., April 24, 1942. 
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division No. 1 of the Stee, Founprers Socrery or America‘ under- 
took a study of slag control which covered both acid and basic 
electric and open hearth grades of steel for castings. Some progress 
was made in methods of slag control, particularly for acid steels. 
Many of the foundries have developed methods of acid slag testing 
and are continuing to profit by the experience so gained. 

3. In the past, slag control at the furnace depended almost en- 
tirely upon the melter’s judgment. His visual observations could 
hardly be stated in quantitative terms as having much value. 


Many ScHEMES TO DETERMINE SLAG CONDITIONS TRIED 


4. Many schemes have been devised to determine slag conditions 
at various intervals of the heat of steel. Some of these tests in- 
volve color of fracture, pancake tests, appearance of stringers 
from rod and specon tests, and inclined plates, as well as viscosity. 
Control tests by slag density methods warrant merit, since the slag 
density is related to its chemical composition. Quick density tests 
can be made at the furnace by weighing a known volume of slag 
and, by pre-determination, the chemical composition of the slag 
indicated. This method of slag control has become less popular 
due to the problem of obtaining a sample entirely free of gas voids 
and steel shot inelusions. Also the time involved in making the 
tests was often excessive. 

5. The chemical composition of an acid slag is of prime im- 
portance as it is relative to the bath composition at a given time 
and temperature. These slag analyses are long and tedious, re- 
quiring too much time to be of any practical value to the 
melter, especially one operating a small electric furnace. Success- 
ful slag control methods for the acid electric furnace must be quick 
and informative to the operator as both slag and metal reactions 
are rapid. 


SiaG VIScosITy 
6. Acid slag viscosity is relative to its chemical composition. 
Slag viscosities tests may be made and noted in comparable values. 
The time required for testing is short making it of immediate 
value to the melter. 


7. The instrument for measuring the viscosity of slags, shown 
in Fig. 1, is called a ‘‘viscosimeter’’ which was developed by Dr. 
C. H. Herty, Jr.6 Its design has been modified somewhat. It 
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consists primarily of a vertical receiving funnel with a horizontal 
hole, 14-in. in diameter, in which the molten slag runs before chill- 
ing. An insert rod, calibrated in inches, can be immediately in- 
serted and the amount of slag flow or viscosity noted. For ex- 
ample, a thick, heavy or viscous slag may flow and measure one-in. ; 
while a fluid, watery slag may flow and measure 1]-in. The vis- 
cosimeter values are considered one and 11-in., respectively, and 
later referred to as such. 


SAMPLING SLAG 


8. Sampling of the slag should be carefully performed, using a 


spoon that is clean and previously warmed up with a coating of 
slag. Samples should be taken between the electrodes or in their 
close proximity, quickly withdrawn and inverted into the funnel 
of the viscosimeter. This operation is important since the tem- 
perature of the slag affects its viscosity. To take a sample too 
close to the are or near the door yields high or low values, re- 
spectively. Heavy top slags should be pushed aside, endeavoring 
to obtain a slag sample nearest the slag-metal interface. The vis- 
cosimeter may become warm enough so handling with gloves be- 
comes necessary and does not materially affect the results. 
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COMPONENTS 


9 The usual components of slags of acid electric steels as en- 
countered by the writer consist of silica (SiO,), iron oxide (FeO) 
and manganese oxide (MnQ), with varying amounts of calcium 
oxide (CaO). The aluminum oxide (Al,O,) and magnesium ox- 
ides (MgO) are usually less than one per cent. Other components 
are only present in relatively small amounts and for this reason 
are neglected in further discussion. Silica (SiO,) is considered 
an acid constituent and FeO, MnO and CaO as basic constituents. 
Total iron oxide, FeO plus Fe,O,, is expressed as FeO. 

10. Many viscosity tests were taken from several heats. later 
making chemical analyses of the slags and correlating the data 
with the varying metallurgical results. The tests, as later dis- 
cussed, were taken from one acid electric furnace melting an aver- 
age heat of 3.3 tons of plain carbon steel. These viscosity tests 
have continued as routine for a period of three years and some of 
the data are given here. 
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SAME SLAGS AS SHOWN IN Fic. 2. 


DiscussION OF CHARTS 


11. Fig. 2 shows the relationship of the silica content as plotted 
against the viscosity values. These tests were taken at various in- 
tervals from the melt down period, through the tapping period 
and the final ladle slag after the heats were entirely poured from 
bottom pour ladles. A comparable curve may be plotted showing 
the viscosity-silica ratio. Fluidity or viscosity values are higher 
with low silica contents and lower with high silica contents, re- 
spectively. 

12. Fig. 3 represents the same slags showing the relationship of 
iron oxide (FeO) as plotted against the viscosity values. There is 
a definite trend showing higher viscosity values with higher FeO 
contents. However, these points are scattered and to indicate an 
average curve that possesses value is difficult. If the other basic 
constituents MnO and CaO were constant, the FeO values would 
have indicated a more definite curve. 

13. Fig. 4 shows the viscosity values of the same slags plotted 
against the manganese oxide (MnO) content. Again it is not 
possible to indicate an average curve. However, it should be noted 
that the MnO content varies at different intervals of the heats, 
showing an average of 12.7 per cent MnO before alloy additions, 
16.6 per cent MnO after alloy additions and before tapping, with 
18.6 per cent MnO after pouring the entire heat. This was due 
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to the replacement of FeO in the slag by the formation of MnO 
which will be discussed later. 


14. Fig. 5 shows the lime (CaO) content of the same slags as 
plotted against the viscosity values. The CaO content varies from 
0 to 10 per cent and does not, in these amounts, control its viscosity. 


15. If the basic constituents were totaled, such as the FeO, plus 
MnO, plus any CaO present, an inverse curve of the SiO, would 
prevail as shown by Fig. 6. The viscosity curves of the acids and 
bases intersect at a 50 per cent value with a 414-in. viscosity value. 
At this point the slag will have a greenish-black fracture. If the 
the MnO content should be above 20 per cent the color of the frac- 
ture will be more definitely green as encountered with a high man- 
ganese heat (1.0 per cent or over), with a correspondingly lower 
FeO content in the slag. Normally, even slags with CaO contents 
up to 10 per cent, a slag with 414-in. viscosity value will be chang- 
ing from a black to green by fracture. 

16. The basic constituents may vary in individual percentages 
without appreciably changing the viscosity, as shown by the pre- 
ceding viscosity curves of FeO, MnO and CaO. The total basic 
constituents are controlling factors of acid slag viscosity, or the 
acid constituents, namely, silica, control its viscosity. 

17. With the basic components varying in percentages as shown, 
the silica viscosity curve (Fig. 2) seems to be most valuable to the 
melter as the controlling factor of slag viscosity. 

18. If the slag contained silica and iron oxide as the main com- 
ponents, then the iron oxide would control the viscosity as well as 
silica. However, this example is contrary to normal slag operating 
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VALUES. 


conditions since manganese oxide is present with varying amounts 
of lime. 


LimE CoNTENT EFFECTS 


19. If a slag has 40 per cent SiO,, the balance is obviously of 
basic constituents. With a lime content of 7 per cent, slags A and 
B are possible as given below: 


A B 
Per Cent Per Cent 
SiO, 40.0 40.0 
FeO 30.0 40.0 
MnO 23.0 13.0 
CaO 7.0 7.0 


20. With constant SiO, values the FeO and MnO values vary. 
Slag A contains 30 per cent FeO and slag B 40 per cent FeO, the 
difference of 10 per cent being adjusted by the MnO content. 
Either slag A or B would have approximately the same viscosity 
value of 10-in. There is in each case approximately equal amounts 
of FeO available for bath reactions, the remainder being consumed 
for chemical balance. 


21. Lime (CaO) functions as a basic constituent and is usually 
present in amounts from 0 to 12 per cent. Lime may be used in 
these amounts to replace FeO and MnO or to increase the basicity 
of the slag. The use of lime does not appreciably affect the silica- 
viscosity ratio, as this silica curve applies to lime-bearing or lime- 
free slags. Lime can be used advantageously to reduce the amounts 
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of FeO and MnO required for necessary chemical balance. It also 
permits the use of a lower FeO content of the slag throughout 
various stages of a heat, freeing and making available FeO for 
bath reactions that normally would be required for an equivalent 
amount of basicity. 


22. If the FeO content of the slag is low before deoxidization, 
the recovery of manganese will be correspondingly higher. In this 
manner lime aids in the conservation of manganese when the proper 
SiO, content is maintained with a low FeO content. 


REACTIONS 


23. The acid furnace being made with a silica lining permits 
the reduction of silicon and in this manner is distinct from the 
basic process. Acid slag metal equilibrium conditions at various 
temperatures are of interest to the steelmaker but are not within 
the scope of plant investigation. 

24. The acid electric furnace is accepted as a rapid melting 
medium, consequently the slag-metal reactions are of relatively 
short duration. The most probable reactions are discussed in logi- 
eal sequence. 

25. When melting is accomplished under slags containing free 
FeO or an excess required for composition balance, the reactions 
are as follows: 


Reaction (1) Mn + FeO += MnO + Fe 
Reaction (2) Si + 2FeO = SiO, + 2Fe 
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26. These reactions take place upon melting and continue in 
proportion to the amounts of available elements and compounds 
for reaction. Conditions of equilibria between slag and metal con- 
tinue with increasing temperature. To effect these reactions a slag 
of 50 per cent SiO,, or less seems essential with a viscosity of 414-in. 
or more. The silicon content of the bath during melting seems to 
be of major importance. Silicon has the ability to absorb gases 
such as oxygen, hydrogen and nitrogen. By removing this silicon 
content of the bath to low levels, 0.05 Si and under, these gases are 
probably released with many suspended silica particles of minute 
nature. 

27. When these reactions have practically terminated, the car- 
bon reaction becomes prominent. 


Reaction (3) C + FeO = CO + Fe 


28. This reaction does not take place with vigor until the bath 
attains a high temperature. Rapid heat input hastens the ‘‘carbon- 
boil’’ into activity. 

29. These three reactions are believed to continue as the bath 
increases in temperature and until the slag reverts from the basic 
to acid side. This dividing point may be considered reached when 
the slag has attained 50 per cent SiO, with a viscosity value of 414- 
in. under such a slag. If the bath and slag have reached equi- 
librium, the FeO content of the bath and slag have become lowered 
to a point where little FeO is available for further active reaction. 

30. Boiling may still continue under distinctly acid slags at the 
expense of carbon causing the following: 


Reaction (4) Si0, + 2C = Si + 2C0. 


In an active bath this reaction may visually appear as a ‘‘carbon- 
boil’’ but, in reality, it could be termed a ‘‘silicon-boil.’’ The car- 
bon acts upon the SiO, of the hearth and slag reducing silicon 
with the evolution of CO gas similar to that of the ‘‘carbon-boil.’’ 
Rapid heat input hastens this reaction. It is destructive to the 
hearth and walls as they become softened by the high temperatures 
and are attacked by the carbon-silica reaction. This method of 
silicon reduction is often intentionally employed. Manganese may 
also be reduced when slag conditions permit and usually accom- 
panies reaction (4) in a mild manner. 


Reaction (5) MnO + C s+ Mn + CO 
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31. For this reaction, high temperatures are necessary, with 
slags high in SiO,, low in FeO, without being deficient in MnO. 


VOLUME OF SLAG 


32. Volume of slag is another consideration of practical value. 
Large slag volumes cause sluggish reactions, since both slag and 
metal must reach equilibrium for each phase or reaction. Slag is 
not a producer of tonnage of finished steel and should be kept at 
minimum values even though it is an essential part of the proc- 
ess. 

33. The following reaction takes place throughout the melting 
and finishing periods: 


Reaction (6) Mn + SiO, = 2 MnO + Si 


The manganese may reduce silica from the lining or slag, particv- 
larly after the final additions of manganese when bath tempera- 
tures are high. This reaction accounts for the high silicon pick-up 
with heats of high manganese contents of 1.00 per cent or over. 
When the finishing slag is of low viscosity, abnormally high in 
Si0,, the reduction of silicon is the greatest. When the slag is low 
in SiO, and high in FeO, the silicon reduction is not so apparent, 
but the manganese loss increases as in reaction (1). 


CorrosiIvE EFFect 
34. The corrosive effect of hearth and walls may be primarily 


attributed to: 
Reaction (7) X MnO + Sid, = (MnO) X — Si0, 


Slag or (Liquid manganese 
solid silicate ) 





35. This reaction is a probable result of reactions (1) and (6), 
primarily causing increased slag volume especially apparent with 
high manganese heats. The reaction is most forceful when the bath 
and lining are at high temperatures. If the MnO content of the 
slag and bath become proportionately high, the attack on the hearth 
and walls becomes more severe, resulting in excessive increases of 
slag volume. The ‘‘X’’ as used in reaction (7) denotes the presence 
of MnO in amounts greater than those required for chemical bal- 
ance of the slag. 
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Fic. 7—GRAPHICAL REPRESENTATION OF A TYPICAL 8000 LB. CARBON STEEL HEar. 
36. Slag volume is also affected by the following reaction: 
Reaction (8) SiO, + FeO = FeO - Si, 


(Iron Silicate) 


The formation of iron silicate from the bath and lining are prev- 
alent throughout melting operations. This reaction is not con- 
sidered too destructive on the lining when reasonably low FeO 
limits are maintained. When a slag is high in free available FeO 


and temperatures are high, increased slag volumes cannot be 
avoided. 


SUMMARY 


37. The reactions as outlined are the most probable for the acid 
electric furnace. In order to briefly summarize the preceding data, 
Fig. 7 gives a graphical representation of a typical 8000 Ib. carbon 
steel heat. 


38. The scrap charge consisted of approximately 45 per cent 
foundry returns, 20 per cent punchings, 27 per cent plate and 8 
per cent rails. Melting was done with 125 volts on the open delta 
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and this continued to time ‘‘D’’ when the voltage was reduced to 
90 volts on the open delta. At time ‘‘B’’ all the scrap was under 
the cover of slag and first tests of metal and slag were taken. The 
manganese content of the bath was greatly reduced during the 
melting period. The silicon was likewise reduced, but the loss of 
carbon was comparatively slow. During the period of ‘‘A’’ to 
‘‘B”’ little boiling action occurs and reactions (1) and (2) take 
place. At time ‘‘B’’ a slag viscosity of 914-in. was noted, with 43 
per cent SiO, and 36.5 per cent FeO. The slag was distinctly basic 
with a considerable excess of available FeO. More vigorous boiling 
action started at ‘‘B’’ and with increasing temperature the ‘‘car- 
bon-boil’’ [Reaction (3) ] continued in greater force from time ‘‘C’’ 
to ‘‘D.’’ When this reaction was nearly completed the ‘‘silicon- 
boil’’ [Reaction (4)] became more effective, in periods ‘‘D’’ and 
‘E,’’ until the heat input had been reduced. At time ‘‘E”’ silicon 
and manganese alloy additions were made. Metal tests were taken 
at period ‘‘F’’ before tapping, ‘‘G’’ during pouring and ‘‘H’’ 
the final ladle slag. 


39. The slag metal reactions as previously presented may be fol- 
lowed throughout the various stages of the heat. The loss in FeO 
content of the slag at time ‘‘E”’ has been practically replaced by 
inereased MnO content. The time involved for this change, includ- 
ing that of the bath for equilibrium, was very short. 

40. Final deoxidization was made with % lb. of aluminum per 
ton in the ladle. Tensile values, chemical analyses and heat treat- 
ments of attached coupons are given below: 


Tensile Reduction 
Heat Treatment Yield Point, Str., Elongation, of Area, 
lb. per sq.in. lb. per sq.in. per cent per cent 
Annealed 1600 39500 71500 30.0 48.6 
Normalized 1600 
Temper 1200 43000 73000 32.5 56.0 
Analyses, 


per cent C0.26 Mn0.70 Si0.32 $0.034 P0022 Cr0.03 
Ni 0.05 Cu0.17 Mo0.02 V0.01 


Stace ConTROL 


41. Slag control in the acid electric furnace is of major impor- 
tance since the slag-metal reactions continue until equilibrium has 
been reached. With the viscosimeter as a working tool, it becomes 
easier to determine the condition of the slag, indicating the amounts 
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of ore, sand or lime needed for slag adjustment to obtain the proper 
slag-metal reactions. It supplies fast and indicative slag contro] 
tests essential to the small electric furnace due to the rapidity of 
reactions and their end-points. 

42. No attempt has been made to stipulate set or definite slag 
values for operation, since it is realized that some furnaces are 
more adaptable to one practice than another. Variables in electric 
furnaces must be accepted, such as depth of bath, area of slag, 
volume of slag, power input and regulation, type of scrap, atmos- 
phere, ete. In any case, a standardized procedure of melting prac- 
tice in conjunction with the viscosimeter should prove advan- 
tageous. 
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DISCUSSION 


Presiding: C. E. Stms, Battelle Memorial Institute, Columbus, O. 

Co-Chairman: JOHN HOWE HALL, Philadelphia, Pa. 

CHAIRMAN SIMs: I particularly like the presentation of this paper, 
and the form in which it is written. It is an approach to slag control. 
There is no air of finality in it, as if it were all cut-and-dried. This is 
one of the first, if not the first paper that has been presented before 
this Association on acid slag control, which is a comparatively new 
tool. 

I have heard some discussion on slag control in which it seemed to be 
considered that the viscosity per se was of great value. It apparently 
did not make much difference how one controlled viscosity, just so one 
arrived at a certain figure, but it is plain to see that viscosity is con- 
trolled by three principal factors; the lime, iron oxide and manganese 
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oxide. Obviously, slag that has low viscosity, due to a large content of 
manganese oxide, will not be quite as active a slag, from the oxidizing 
standpoint, as a slag that has low viscosity due to a high iron oxide 
content. 

MEMBER: Have you made any analysis of the Fe,O, or Fe,O, or just 
plain iron? We have found definitely that it is the Fe,O, or Fe,O, that 
changes the viscosity. 

Mr. JUPPENLATZ: We have determined the Fe,0,, but did not go to 
the extent of determining Fe,0,. All the iron oxide contents as presented 
were calculated as FeO. With a total of 25 per cent FeO, the Fe,O, ran 
between 3 and 8 per cent. I have not studied the effects of the Fe,O, or 
Fe,0, on slag viscosity. 

I believe that, if all iron oxide is added into the total basic constit- 
uents, this total controls the viscosity. It is really the controlling factor 
during melting. The acid constituents, silica plus any alumina, are ob- 
viously the remaining constituents. Alumina is usually present in small 
amounts. In the acid furnace, silica is reasonably constant. It is not 
the controlling factor, but it is one which we recognize and use in that 
fashion. 

Mr. JUPPENLATZ: We have made no mineralogical studies of these 
slags. Most of the slags are of the glassy nature and I believe it would 
be a very interesting study. 

MEMBER: I would like to ask if the author will briefly enumerate some 
of the beneficial effects that he obtained from slag control as to vis- 
cosity of metal, ete. 

Mr. JUPPENLATZ: That is a rather broad question and I am not going 
to try to answer it as fully as I might like to. The viscosity of slag is 
relative to its chemical composition. Slag and metal tend to approach 
equilibrium at various times and temperatures. These things being true, 
we can obtain a great deal of benefit from them. If we have a constant 
slag volume and a constant chemical composition of a slag, we should 
have constant recoveries of manganese and silicon, and by doing tha%, 
our chemical analysis of the resulting steel should be within our specifi- 
cations. That is one of the real benefits that almost anyone can derive. 

As far as fluidity of the material is concerned, I would say that cer- 
tain types of slag definitely have a bearing upon fluidity. That is an- 
other phase which I believe could be studied and would make a very 
interesting paper. I do not have the information in actual figures, but 
from practical observation, it does make quite a difference. 

G. S. BALDWIN!: I would like to ask Mr. Juppenlatz whether or not 
he considers that the factor of fluidity is the only condition of measur- 
ing slag. We talk about chemical analysis of the slag, and the effects 
of FeO and Fe,0, were brought up. Since the slag control is rather 
new, and since many of us do not have the facilities to analyze our slags, 
it is better, is it not, for the time being, to leave the window dressing out 
and use just a straight fluidity measurement and go on from there? 
That is, discussions of the effects of Fe,O, and Fe,0, on the fluidity 
are all right, but to really get started, all you need is a viscosimeter 


1 Standard Steei Works Div., Baldwin Locomotive Works, Burrham, Pa. 
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and a lot of tests. Put those measurements down on the heat records, 
keep on doing it, and you will finally end up with a fund of information 
that can be correlated with effects noticed on the heat. 

Mr. JUPPENLATZ: Mr. Baldwin, you apparently have done work along 
the same lines that we first started on. We did not know anything about 
slag viscosity but we were willing to see if we could not do something 
about learning how to make good steel. We went at it rather blindly. 
We made a number of heats, say, a hundred. We took slag viscosities 
at various intervals of the heat. We did not pay much attention to them 
until we had a fund of information where we could plot chemical com- 
positions and, we will say, manganese and silicon recoveries. We took 
some tests of the bath at the same time as the preliminary tests, and we 
took physical properties and the character of other tests. When we got 
that information, we had a trend of where we wanted to go and what 
kind of slags we wanted. From that point, we started to have a definite 
aim of slag viscosities. As a matter of fact, I would say that the melter 
on our furnace is not truly interested in chemical compositions of slag. 
All he is interested in is the final analysis of the heat. Neither is he 
interested in whether the slag measures 2, 4, 6 or 8-in. However, he 
does know that if he gets a slag measuring a certain length at a certain 
time in the heat, he should have certain results. In that way, he is out 
of trouble, and that is about all that the melter really cares about. 

MEMBER: Have you found any correlation between specific gravity 
of slags and manganese recovery? You said that, if slags were constant, 
your manganese recovery was constant. Have you done any testing of 
specific gravity against manganese recovery? 

Mr. JUPPENLATZ: I have not done enough specific gravity work to 
answer that question. 

E. C. Troy?: There is a definite relationship between the specific 
gravity and viscosimeter reading, either of which can be plotted against 
the total SiO, of the slag. The recovery of manganese is dependent on 
the percentage composition and total mass of the slag. Controlled 
recovery of manganese can be accomplished if the specific gravity or 
viscosimeter value is kept under control with a standard mass of slag. 
Control of mass cannot be easily accomplished and is the reason why 
manganese recovery cannot be completely controlled by fixed chemical 
compositions. Our company has changed from specific gravity to the 
viscosimeter because it is an easier and more certain tool to use. 

Mr. BALDWIN: Have you found any means of measuring slag volume? 

Mr. JUPPENLATZ: Slag volume by measurement is a difficult thing. 
I still believe that it is a matter of judgment. The means that we have 
used in contrelling slag volume is to remove as much slag as we can 
from the furnace before the real boil occurs, so that we have sort of a 
constant. I do not believe that it makes much difference how much slag 
we have, as long as we can hold it at a constant. Therefore, with some 
method like that, I believe that you can maintain results from time to 
time. To measure the depth or volume of slag as a true indicator before 
a heat is tapped would be quite some problem. 


2 Dodge Steel Co., Philadelphia, Pa. 





